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4. Results
4.1. Biopsy material

Biopsy specimen before treatment showed that the tumor
exhibited features of mucinous (colloid) carcinoma, being
comprised of islands and strips of columnar cells floating in
large pools of extracellular mucin (Fig. 2). The extracellular
mucin was stained by Alcian-blue staining with hyaluron-
idase resistance (data not shown).

4.2. Autopsy material

A tumor exceeding 10 cm in diameter was identified in
the anterior mediastinum. Macroscopically, the tumor was
uncapsulated and white. The tumor had clear margins and
was clearly isolated from the lung. Partial resection of the
tumor was performed.

In the autopsy specimens, the tumor showed acinar and
cribriform structure [Fig. 3(A)]. The tumor was composed
of tall columnar cells, with varying amounts of cytoplasmic
mucin [Fig. 3(B)]. No keratinization was observed. No
normal thymic tissue or accompanying thymoma was found
in the specimens.

The immunohistochemical findings are shown in Table [.
Most tumor cells were positive for cytokeratin (CK) 7
(Fig. 3(C)] but negative for CK20. The tumor cells were
partially positive for CD5 [Fig. 3(D)]. The extracellu-
lar mucin and tumor cells were strongly positive for
MUCS5AC and were partially positive for MUC6. They
were negative for markers for pulmonary, mesothelial, germ
cell, neuroendocrine, squamous cell, and/or large intestine
differentiation. Stromal infiltrating lymphocytes were neg-
ative for TdT, CDla, and/or CD99.

5. Discussion

Primary carcinomas of the thymus are uncommon, and
when diagnosed, majority are squamous cell carcinomas or
its variants [1]. Although histochemical and immunohisto-
chemical evidence for glandular differentiation is described
in thymic carcinoma [5], primary adenocarcinomas of the
thymus remain very rare, with only 9 cases have been
reported to date [2-4]. Only one case of mucinous adenocar-
cinoma of the thymus has been reported previously [4].

Because primary thymic adenocarcinoma is so rare, it
is necessary to consider other diagnostic possibilities, such
as variants of other thymic tumors, metastatic adenocarci-
noma, mesothelioma, and germ cell tumors. Other kinds
of primary thymic tumors with abundant mucin, such
as carcinoid with prominent mucinous stroma and muco-
epidermoid carcinoma, should also be considered as
differential diagnosis [6]. The carcinoid with prominent
mucinous stroma was composed of a conventional neuro-
endocrine morphology such as an organoid pattern and
delicate fibrovascular septa, and immunoreactivity for pan-

neuroendocrine markers. For a tumor to be diagnosed as
mucoepidermoid carcinoma, both the squamous and the
mucin-producing components should be cytologically
bland. That was not the case in the presented tumor.

It is important to discriminate between primary and
metastatic thymic adenocarcinoma, Metastatic adenocarci-
noma of the thymus usually arises from the respiratory or
upper alimentary tracts, although other sites of origin have
also been reported {7].

Expression of TTF-1, SP-A, and napsin A are known
to be specific markers for ordinary pulmonary adeno-
carcinoma [8,9]. However, this case was negative for
these markers. Pulmonary mucin-rich neoplasms include
mucinous-bronchioloalveolar carcinoma (m-BAC) and mu-
cinous cyst adenocarcinoma. Mucinous—bronchioloalveolar
carcinomas had been called goblet cell-type adenocarcino-
ma and are growing along alveolar walls and without
stromal invasion [10]. It tends to spread aerogenously,
forming satellite tumors. Immunohistochemically, m-BAC
is known to express MUCS5AC, but low immunoreactivity
for TTF-1 was reported [11]. This case partially resembled
m-BAC by exhibiting similar pattern of immunochistochem-
ical findings including being MUCSAC-positive and
TTF-1-negative. However, m-BAC frequently displays
pneumonialike distribution in the clinical setting [10].
The tumor of this patient was localized in the anterior
mediastinum and was clearly isolated from the lung
parenchyma. Mucinous cyst adenocarcinoma of the lung is
extremely rare tumor and showed coordinated overexpres-
sion of CDX2 and MUC2 but only partially retained the
markers of pulmonary origin [12]. This case was negative
for CDX-2, MUC2, TTF-1, SP-A, and napsin A, Based on
these findings, the possibility of pulmonary origin of our
patient’s tumor was considered to be extremely low.

* . Other mucin-rich neoplasms include those of the

gastrointestinal tract, ovary, pancreas, and breast. Mucinous
carcinoma of the breast and pancreas is known to express
MUC2. However, this case was negative for MUC2. In
addition, clinical and radiographic examinations including
endoscopic gastroenterologic findings disclosed no evi-
dence of tumor elsewhere. Therefore, the possibility of
metastasis from these organs was also considered to be
extremely low.

MUCSAC is expressed by gastric foveolar cells and
MUC6 by pyloric gland cells [13]. In the presented
case, tumor cells and extracellular mucin were strongly
positive for MUC5AC and partially positive for MUCS,
suggesting that this tumor produces the gastric-type
mucin. As for this particular case, gastric carcinoma
was not clinically identified. Thus, it is worthy to note that
our findings on the expression of MUCSAC and MUC6
by thymic tumor are of interest because there has been
no studies reported on this matter to the best of
our knowledge.

There are no immunohistological markers specific
for tumors of thymic origin. The lymphocyte marker
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CD5 is expressed in approximately 70% of all cases of
thymic carcinoma and is uncommon in nonthymic carci-
nomas, although the frequency of expression of CD35 in
extrathymic adenocarcinomas has been disputed [14].

Immunohistochemically, the presented case was
revealed to be diffusely positive for CK7 and focally
positive for CDS5. These results resemble the case reported
by Choi et al [4], which demonstrated focal positive
staining for CD5 providing further support for thymic
origin. In conclusion, the diagnosis of this case was
primary mucinous adenocarcinoma of the thymus. This
case demonstrated that the mucinous subtype should be
considered as one of the histopathological entities of
thymic adenocarcinoma. We postulate that this is a major
consideration of importance.
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Purpose
Neuroendocrine (NE) tumors of the.lung include typical carcinoid (TC), atypical carcinoid (AC),

large-cell NE carcinoma (LCNEC), and small-cell lung carcinoma (SCLC). Their clinicopathologic
profiles and relative grade of malignancy have not been defined.

Patients and Methods
From 10 Japanese institutes, 383 surgically resected pulmonary NE tumors were collected. The

histologic diagnosis was determined by the consensus of a pathology panel consisting of six
expert pathologists as TC, AC, LCNEC, or SCLC on the basis of the WHO classification, and its
relationship to clinicopathologic profiles was analyzed.

Results
Of the 383 tumors, 18 were excluded because of an improper specimen. The pathology panel

reviewed the remaining 366 tumors, and a diagnosis of NE tumor was made in 318 patients
(87.4%): 55 patients had TC, nine had AC, 141 had LCNEC, and 113 had SCLC, The &-year survival
rates of patients with all stages were as follows: 96.2% for TC, 77.8% for AC, 40.3% for LCNEC,
and 35.7% for SCLC. There was significant prognostic difference between TC and AC as well as
between AC and LCNEC+SCLC. However, there was.no difference between LCNEC and SCLC, and’
their survival curves were superimposed. The multivariate analysis indicated that histologic type,
completeness of resection, symptoms, nodal involvement, and age were significantly prognostic.

Conclusion

‘The grade of malignancy of NE tumors was upgraded in the following order: TC, AC, LCNEC, and

SCLC. No prognostic difference was noted between LCNEC and SCLC. The high-grade NE
histology uniformly indicated poor prognosis regardless of its histologic type.

J Clin Oncol 24:70-76. © 2006 by American Society of Clinical Oncology

In the recent revision of the WHO classification
of lung and pleural tumors, the same grading was
adopted with detailed criteria for each subtype of NE
tumors, although LCNEC was subcategorized as a
type of large-cell carcinoma,'® However, the impor-
tant issues regarding NE tumors of the lung have not
yet been defined. In particular, the grade of malig-
nancy of each NE subtype has not been defined.
There is little information available on the relative
grade of malignancy among the several histologic
types. However, to ensure the appropriate choice
of treatment strategy for patients with various
types of NE lung tumors, a histology-specific un-
derstanding of clinicopathologic behavior and
prognosis is indispensable.

Considering the importance of histologic di-
agnoses and their reproducibility, this study was
ance as high-grade NE tumors and non—small-cell ~ conducted in a retrospective, multi-institutional
nuclear features. Its clinicopathologic behaviors  setting with a critical review of histology by an
have been elucidated only recently.>*? expert panel. The clinicopathologic background

i 5

Normal lung contains a population of neuroendo-
crine cells, where the term neuroendocrine (NE)
defines a specific group of cells based on their secre-
tory products, distinct staining characteristics, and
ability to uptake and decarboxylate amine precur-
sors.! Lung tumors originating from NE cells or
differentiating into NE cells have been recognized,
and they are represented by a wide range of patho-
logic entities.? It is now widely recognized that NE
tumors of the lung include a spectrum, from low-
grade typical carcinoid (TC) to intermediate-grade
atypical carcinoid (AC) to high-grade large-cell NE
carcinoma (LCNEC) and small-cell lung carcinoma
(SCLC).*® LCNEC is a unique tumor that shows
immunohistochemical and morphologic appear-
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of patients was collected, and histology-specific characteristics
were extensively analyzed.

R

Patients

A total of 383 patients with a histologic diagnosis of primary pulmonary
NE tumor at each institution were enrolled onto this retrospective study.
Intermediate- and high-grade NE tumors were a focus for enrollment. Sam-
ples were obtained from 10 institutions in the Japanese Multicenter Study
Group of NE Tumors (Appendix). To ensure that there would be enough
specimens for pathologic examination, only surgical cases were considered.
Patients who were diagnosed only by biopsy sample and treated by some
modality other than surgery were excluded. Histopathologic and clinicopath-
ologic studies were performed. The final histologic diagnosis was established
by an expert central review, as described later in detail. Extensive clinical
information was also collected and included demographic data, surgical infor-
mation, preoperative serum tumor marker levels, pathologic data, endocrine
syndromes (Cushing’s syndrome, acromegaly, and so on), tumor recurrence,
and survival. For serum tumor markers, three markers, carcinoembryonic
antigen (CEA; normal range, < 5 ng/mL), neuron-specific enolase (NSE;
normal range, < 15 ng/mL), and progastrin-releasing peptide (proGRP;
normal range, < 46 ng/mL), were studied. All patients were staged post-
surgically according to the International Union Against Cancer TNM
classification system."?

Pathologic Diagnosis: Central Review )

To ensure an accurate histologic diagnosis as NE tumor, the histology of
all of the enrolled patients was reviewed by a pathology panel consisting of six
experts (T.K, YM, TL, Y.I, MN, and T.Y.). Paraffin-embedded blocks or
unstained slide glasses were obtained in all cases and processed by routine
hematoxylin and eosin staining and immunohistochemical studies solely at
one institution (T.K. and S.-X.].). To demonstrate the NE phenotype, at least
three antibodies to chromogranin-A, CD56 (neural adhesion molecule), and
synaptophysin were used. Immunohistochemically, the tumor was considered
as positive if the tumor cells exhibited focal, patchy, or diffuse staining in the
intracellular locations for each antigen. The classification criteria were based
on the revised WHO classification of lung carcinoma (1999)," in which TC,
AC,LCNEC, and SCLC are strictly differentiated. The process of central review
was as follows. First, the pathology panel members performed a pathology
review independently, and their respective reports were sent directly to the
central office. After the individual reviews were completed, a review meeting
was held to establish a final consensus on the histologic type in each case. The
evaluation of immunohistochemical staining was also documented.

Statistics

The Kaplan-Meier product limit estimator was used to graphically dis-
play the survival curves, and the log-rank test was used to compare survival
between different groups. The Cox proportional hazard model was used to
examine the effects of variables that may have affected the prognosis of patients
with NE tumors. P = .05 was considered significant.

Among the 383 patients enrolled, 18 were excluded from the study. In
17 patients, the specimens were judged to be inappropriate because
either the tumors were of nonpulmonary origin or no specimens were
available from the primary site. In one patient, the eligibility criteria
were not met because this was an autopsy case. The remaining 365
tumnors were considered for further central pathology review.

Central Pathology Review
Of the 365 tumors, as a final agreement of the review meetings, a
total of 318 (87.1%) were diagnosed as pulmonary NE tumors,
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whereas a histology of non-NE tumor was confirmed in 47 tumors
(12.9%,; Table 1). Actually, the pathology panel could not reach a
consensus with regard to the histologic type of 14 high-grade NE
tumors at the initial session of panel meetings. Therefore, after enough
intervals, the panel meetings were held again, and the final consensus
as either LCNEC or SCLC was established. Of the NE tumors, a
diagnosis of TC, AC, LCNEC, and SCLC was made in 55, nine, 141,
and 113 patients, respectively. In the non-NE tumors, large-cell carci-
noma (LCC) was most commonly seen (33 patients), followed by
poorly differentiated squamous cell carcinoma (seven patients),
poorly differentiated adenocarcinoma (three patients), pulmonary
blastoma (two patierits), and indeterminate histology by treatment
(two patients). When looking at the histologic subtypes of 74 LCCs,
141 were diagnosed as LCNEC because of the coexistence of NE
morphology and phenotype. However, the NE phenotype was not

-demonstrated despite the presence of NE morphology in 11 patients

(LCC with NE morphology), and the NE morphology was not dem-
onstrated despite the presence of NE phenotype in 12 patients (LCC
with NE phenotype). In the remaining 10 patients, neither NE pheno-
type nor NE morphology was demonstrated (LCC). Among 141
LCNECs, 15 tumors (10.6%) were combined with other histologic
types, and 126 tumors (89.14%) were not combined (Table 2). Also,
among 113 SCLCs, 30 tumors (26.6%) were combined with other
histologic types, and 83 tumors (73.4%) were not combined (Table 3).
Despite the various combinations of high-grade NE tumors with other
histologic types, neither TC nor AC was seen as the combined histol-
ogy for LCNEC and SCLC. '

Clinicopathologic Profiles

The clinical background and profiles were studied accordmg to
the histologic type (Table 4). Aggressive tumors tended to affect older
patients. In particular, patients with TC were significantly younger
than patients with other tumor histologies. A remarkable differencein
sex distribution was seen between carcinoid tumors (TC and AC) and
other high-grade NE carcinomas (LCNEC and SCLC). Compared
with carcinoid tumors, the high-grade NE tumors affected men sig-

" nificantly more often than women, with males accounting for more

than 80% to 90% of the tumors. Also, 95% to 100% of the patients
with high-grade NE carcinomas had a smoking history, whereas only
half of the patients with carcinoid tumors were smokers. Only four
patients (1.3%) in the entire group of patients with NE tumors showed

Table 1. Histologic Diagnosis
. No. of
Histologic Type Patients %
NE tumors : g - 318 87.1
: : 65 . ..o 184
NP BT o 45
NEC I v et TS R .. .386
sCLe.. . 113 S 310
Non-NE tumors 47 12.9
LcC . 33 9.0
Others 14 3.8
Total = o oeten i L 0 366 I 100
Abbreviations: NE, neuroendocrine; TC, typical carcinoid; AC, atypical carci-
noid; LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell lung
carcinoma; LCC, large-cell carcinoma.

n
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Table 2. Details of Histologic Diagnosis of LCNEC

No. of
Histologic Type Patients %

LCNEC, not combined G ARG o e 894

LCNEC, combined 15 10.6

With AD 5 3.5

With SQ 8 5.7

With others’ 14
CTotal vt 700

Abbreviations: LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell
lung carcinoma; AD, adenocarcinoma; SQ, squamous-cell carcinoma.

symptoms related to the paraneoplastic syndromes. The following
syndromes were seen: Eaton-Lambert’s syndrome in two patients with
SCLC, syndrome of inappropriate antidiuretic hormone secretion in
one patient with SCLC, and carcinoid syndrome in one patient with
TC. In AC and LCNEC, paraneoplastic syndrome was not seen. The
serum tumor markers of CEA, NSE, and proGRP were measured
before surgery in 298 (93.7%), 240 (75.5%), and 79 (24.8%) of 318
patients, respectively (Table 5). The serum CEA level was elevated in
half of the patients with LCNEC or SCLC. Although proGRP was a
good marker of high-grade NE tumors, the elevation of NSE level was
limited in these patients, probably because of the relatively early stage
for the tumors. The pathologic profiles of resected tumors are listed in
Table 6. The average size of LCNEC (41 mm) was the largest among
NE tumors; other types averaged approximately 30 mm in diameter.
In TC, nodal involvemnent was seen in only two patients (3.6%),
whereas approximately half of the patients with other histologic types
had lymph node involvement in both the pulmonary hilum and
mediastinum. Accordingly, the postsurgical stage of TC was stage I in
more than 90% of the patients. However, approximately half of the
patients with the other types of tumors were categorized as stage I, and
there was no remarkable difference in the stage distribution between
the different histologic types.

Prognosis

The follow-up for the patients in this study ranged from 2 to 197
months. The median follow-up time was 60 months. There were 124
tumor recurrences (39.0%) among all of the patients with NE tumors
(Table 7). Compared with carcinoid tumors, high-grade NE tumors
had a higher recurrence rate, at appproximately 50%. The survival
curves for the 318 patients with NE tumors according to the histologic

Table 3. Details of Histologic Diagnosis of SCLC
No. of
Histologic Type Patients %
SCLC, not.combined 7 s £ 83EN F T34
SCLC, combined 30 26.6
With LCNEC 15 13.3
With AD 9 8.0
With SQ 5 4.4
With AD + S 1 0.9
Total- -~ T T S 000
Abbreviations: LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell
lung carcinoma; AD, adenocarcinoma; SQ, squamous-cell carcinoma.
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Table 4. Clinicopathologic Profiles According to the Histologic Type

Histologic Type

TC AC LCNEC SCLC Total
Profile (n=585) (n=29 (n=141 (0= 113} (N =318)
Age, years'y [- - a
-Median: -’ G
Range™ " 0 1788
Sex
Female, No. 23 5 15 23 66
Male
No. 32 4 126 90
% " BB.2 44.4 89.4 79.7
.:Parangoplastic™. -,
’ drome

o “No : 0 . 3
% 1.8 0 0 2.7

Present and past
smokers
No. 30 5 139 106 280
% 54.6 55.6 98.6 93.8 88.1

Abbreviations: TC, typical carcinoid; AC, atypical carcinoid; LCNEC,
large-cell neuroendocrine carcinoma; SCLC, small-cell lung carcinoma.

type are shown in Figure 1. The 5-year survival rates for patients with
TC, AC, LCNEC, and SCLC were 96.2%, 77.8%, 40.3%, and 35.7%,
respectively. The histologic type as NE tumor significantly affected the
prognosis of the patients (P = .0001). The prognosis of AC was
significantly better than the prognosis of both LCNEC and SCLC
(P = .0406), which means that intermediate-grade malignancy (AC)
could be differentiated from high-grade malignancy (LCNEC and
SCLC). The survival curves of LCNEC and SCLC were superimposed,
and there was no difference in survival (P = .9147). Survival was
further analyzed within the same stage category, and a range of prog-
noses was seen. The relative grade of malignancy was reproduced
within each stage category; in stage I patients (n = 175), the 5-year
stirvival rates for TC, AC, LCNEC, and SCLC were 98.0%, 75.0%,
57.8%, and 42.2%, respectively (Fig 2). Again, there was no survival
difference between LCNEC and SCLC (P = .1851), although the
5-year survival rate was numerically better for LCNEC. In stage II
patients (n = 46), the 5-year survival rates for TC, AC, LCNEC, and
SCLC were 75.0%, 100%, 31.9%, and 38.9%, respectively. In the
multivariate analyses, the following variables were entered based on
the results of univariate analyses: histologic type, symptoms, com-
pleteness of resection, nodal status, pathologic stage, and age. Among
these variables, a histologic type of high-grade NE tumor was the most
significant prognostic factor, with risk ratios (RRs) for SCLC and
LCNEC of 17.40 and 17.69, respectively. Other significant prognostic
factors included incomplete resection (RR = 3.13), symptoms

(RR = 1.69), nodal involvement (RR = 2.23), and old age (RR = 1.53).

A population of NE cells can be recognized in the normal bron-
choalveolar structures in the lung, where NE defines specific cellu-
lar characteristics and the ability to uptake and decarboxylate amine
precursors.' These features are reflected by the morphology, such as

JOURNAL OF CLINICAL ONCOLOGY
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Table 5. Percentage of Abnormal Elevations of the Tumor Markers CEA, NSE, and proGRP

Histologic Type

TC (n = 55) AC (n = 9) LCNEC (n = 141) SCLC {h = 113)
No. of No. of No. of No. of
Patients Patients Patients Patients
With With With With
Abnormally Abnormally Abnormally Abnormally .
Elevated No. of Elevated No. of Elevated No. of Elevated No. of
Serum Patients Serum Patients Serum Patients Serum Patients
Tumor Marker % Level Measured % Level Measured % Level Measured % Level Measured
CEA - 59 3 51T ATy 1 Tags’ B3 T30 T40.77 T a4 - "~ "08
NSE 0 0 42 0 0 12.4 13 105 2.3 2 88
proGRP " 7.1 1. 14 100 17 258 - B0 7 729 . 485" © 16 31

. Abbreviations: TC, typical carcinoid; AC, atypical carcinoid; LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell lung carcinoma; LCC, large-cell carcinoma;
CEA, carcinoembryonic antigen; NSE, neuron-specific enolase; proGRP, progastrin-releasing peptide.

secretory granules and dense core granules by electron microscopy.
However, the clinical implications of these NE characteristics (INE
phenotype and NE morphology) in lung tumeors have not yet been
defined, especially in relation to the proper choice of treatment strat-
egy. For SCLC, which shows a chemosensitive and aggressive nature, a
standard therapeutic strategy has been established apart from other
histologies. However, other NE tumors require the further refinement
of histology-specific treatment. '

NE lung tumors exhibit a spectrum of histologies, clinical pro-
files, and biologic behaviors ranging from relatively indolent TC to
histologically high-grade, biologically aggressive tumors.>” The grad-
ing was proposed in the 1999 WHO classification, with rigorous cri-
teria for each subtype, even though LCNEC is still considered a variant
form of large-cell carcinoma.'* According to the WHO classification,
AC can be differentiated from TC by a higher mitotic activity and/or
the presence of necrosis. Although LCNEC is characterized by the NE
morphology (nesting, palisading, and rosettes), a high mitotic rate,

necrosis, cytologic features similar to non-small-cell lung cancer, and
positive immunohistochemical staining for NE markers, it can some-
times be difficult to differentiate between LCNEC and SCLC. Even for
an expert pathologist, the cytologic features falling between LCNEC
and SCLC can make it difficult to define the histology as either SCLC
or LCNEC, as seen in 14 tumors in the present series. One of the issues
in the present WHO classification is that, despite the morphologic and
clinical close relationship between SCLC and LCNEC, these tumors
are placed in different categories. Specifically, LCNEC is recog-
nized as a part of non—small-cell carcinoma, and the present ther-
apeutic strategy is being planned in a histology-specific basis as
SCLC or non-SCLC. Further assessment of therapeutic response is
a high-priority issue, which will also justify the distinction between
LCNEC and SCLC.,

The most significant clinical and pathologic implication of the
present study is the determination of the relative grade of malignancy
of each histologic type among NE tumors. In particular, for the three

" Table 6. Pathologic Profiles According to the Histologic Type
Histologic Type
TC ’ AC LCNEC* SCLC Total
(n = B5) n=29 {n = 141) (n=113) N = 318)
No. of No. of No. of No. of No. of
Profile Patients % Patients % Patients % Patients % Patients %
Tuimor diameter, mm S e .
‘Mean 26 oo 26 4. 29 o : 34
Range 3-70 1344 “7-140 : 7-78 7-140
Postsurgical stage
[ 50 90.9 4 44.4 63 453 58 51.3 175 55.4
I 4 7.3 2 22.2 22 15.9 18 16.0 46 14.6
A 1 1.8 2 22.2 32 23.0 24 21.2 59 18.7
B . 0 0 0 0 13 9.4 12 10.6 25 79
v 0 0 1 1.1 9 6.5 1 0.9 1" 3.5
Nodal involvernent . R A Jal . : ’ -
“NO - 83 96.4 B {'65.8, 76 56.1 66 57.5 199 63.2
N1 1 1.8 2 "22.2. 26 18.8 23 .. 20.4 52 16.5
N2 1 1.8 2 1222 33 23.9 4. 212 60 19.1
N3 0 0.0 o 0.0 3 % ST 09" g 1.3
Abbreviations: TC, typical carcinoid; AC, atypical carcinoid; LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell lung carcinoma.
*Data on the stage and nodal status were not available in two and three patients with LCNEC, respectively,
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Table 7. Outcome of Patients With NE Tumors
Histologic Type
TC AC LCNEC SCLC Total
{n = 85} {n=29) n = 141) (n=113) N = 318}
No. of No. of No. of No. of No. of
Qutcome Patients % Patients % Patients % Patients % Patients %
Tumor recurrence 2 . 38 .8 333 -68- . T4B2 TR Ti24 77390
* Locoregional | 1 7 B 1)
* Distant 1 2 34 55
Both 0 0: 16 o :16 - © 36
_Unknown : 0 L 00 1 o B ! :
All deaths 3 5.5 2 222 84 59.6 69 61.1 - 158 49.7
Cancer death 1 333 .7 00 gZ TR RTTRER I AR g 106 676
Abbreviations: TC, typical carcinoid; AC, atypical carcinoid; LCNEC, large-cell neuroeﬁdocrine carcinoma; SCLC, small-cell lung carcinoma; NE, neuroendocrine.

histologic types that are considered intermediate- or high-grade ma-
lignancy (AC, LCNEC, and SCLC), the present findings clearly re-
vealed their relative prognoses. There have been several previous
reports on the prognosis of NE tumors of the lung. However, relatively
few cases of high-grade NE tumors have been included. On the basis of
their own diagnostic criteria, Travis et al® reported that the 5-year
survival rates for TC, AC, LCNEC, and SCLC were 87%, 56%, 27%,
and 9%, respectively. Garcia-Yuste et al* reported that the 5-year
survival rates for TC, AC, LCNEC, and SCLC were 96%, 72%, 21%,
and 14%, respectively. Neither report described a significant differ-
ence in survival between LCNEC and SCLC. As for LCNEC, the
reported 5-year survival rates have ranged from 13% to 47%.% %" b2
The 5-year survival rate of LCNEC in our present series was 41.3%,
which is within the range of the rates reported previously. Even for
stage I disease, the reported 5-year survival rates have been approxi-
mately 10% to 30%.*%*'? In the present series, however, the 5-year
survival rate of stage I LCNEC was 60%, which was higher than the
rates in previous reports. However, considering the 5-year survival
rate of stage I non—small-cell lung cancer, LCNEC is the histology with
the worst prognosis among non-small-cell histologies.'> Also, we
confirmed that LCNEC shows almost the same prognosis as SCLC.

These two histologies also shared similar clinicopathologic back-
grounds, such as smoking history and sex.

In high-grade NE tumors, the existence of borderline cases be-
tween LCNEC and SCLC has been noted. In the process of central
pathologic review of the present study, there were 14 borderline cases
between LCNEC and SCLC, which required another session of panel
meetings to reach the consensus regarding the histology as either
LCNEC or SCLC. There might be three factors that are closely related
to the difficulties in the diagnosis; these are technical issues in the
preparation of specimens, diagnostic reproducibility issues, and diag-
nostic criteria issues, There are several technical issues that make the
diagnosis difficult. One is the poor histology as a result of poor fixa-’
tion, extensive tumor necrosis, and sections that are cut too thick or
poorly staining, although the preparation of the slides was com-
pletely centralized in the present study to minimize these issues.
The histologic heterogeneity with the different cellular sizes and
different proportions also affects the diagnosis.'® The fact that the
cell size in SCLC tends to be larger in the large, well-fixed speci-
mens should be well recognized.'”

It has been well known for SCLC that expert lung cancer pathol-
ogists disagree about the diagnosis in approximately 5% to 6% of the
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0.9 EE——
0.8 - Y .
0.7 o
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0.4 - SCLC (n=113)

- b AR bod, B,
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029 Log-rank P <.0001
0.1 7 G. Wilcoxon: P < .0001
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Fig 1. Overall survival curves in neuroendocrine turmors of all stages (N = 318)
according to the following histologic types: TC, typical carginoid (n = 55);. AC,
atypical carcinoid {n = 9); LCNEC, large-cell neuroendocrine carcinomna (n = 141);
and SCLC, small-cell lung carcinoma {n = 113). The histologic type significantly
affected the survival (P < .0001, log-rank test).
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Fig 2. Overall survival curves in stage | neuroendocrine tumors {n = 175)
according to the following histologic types: TC, typical carcinoid (n = 50); AC,
atypical carcinoid {n = 4); LCNEC, large-cell neuroendocrine carcinoma {n = 63);
and SCLC, small-cell lung carcinoma {n = 58). The histologic type significantly
affected the survival (P < .0001, log-rank test).
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cases.'® In the present study, there was difficulty in the diagnosis of 14
tumors, which composed 5.5% of the 254 high-grade NE tumors; this
percentage is quite similar to those previously reported. As part of the
diagnostic criteria, the cellular and nuclear size is an important part in
the differentiation between LCNEC and SCLC. According to the mor-
phometric analysis by Marchevsky et al,'® a considerable overlap of
nuclear size was shown between LCNEC and SCLC, and the authors
addressed that these two histologies should be merged as a single
group of high-grade NE carcinoma. However, it is not clear how they
could reach the definitive diagnosis as LCNEC or SCLC despite the
overlapping cellular and nuclear size. These data, as well as our own,
demonstrate that the cell size alone is insufficient as a criterion for
establishing the diagnosis of high-grade NE tumors, and a constella-
tion of criteria needs to be used. We still need more pathobiologic
characteristics (and perhaps, they are more likely to be molecular
rather than morphologic) to make the differentiation between SCLC
and LCNEC clearer.

The limitations of this study must also be addressed. In this study,
only surgical cases were collected to ensure that a thorough investiga-

tion of histopathologic features would be possible, and advanced,
unresectable tumors were excluded. As is well known, most patients
with SCLC are not candidates for resection because of local/systemic
spread of the tumor, It is speculated that typical SCLC arises in the
hilum and metastasizes to remote organs at a relatively early stage
of the disease. In this sense, the resected SCLC in the present series
may not represent typical SCLC, which might have 4 more aggres-
sive nature. Although it will still be difficult to obtain enough
specimens or to perform an immunohistochemical study using
only biopsy samples in nonsurgical patients, future studies should
include advanced diseases.

In conclusion, the present, large-scale, multi-institutional study
defined the prognostic spectrum of pulmonary NE tumors as TC, AC,
LCNEC, and SCLC, where LCNEC and SCLC were similarly aggres-
sive. Future studies should clarify the histology-specific sensitivity to

treatment, especially with regard to chemoradiotherapy. If similar

responses are found, the histologic distinction at least has little signif-
icance in the planning of treatment strategy.
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CLINICAL OUTCOMES OF A PHASE I/ll STUDY OF 48 Gy OF
STEREOTACTIC BODY RADIOTHERAPY IN 4 FRACTIONS FOR PRIMARY
LUNG CANCER USING A STEREOTACTIC BODY FRAME

YasusHt NAGATA, M.D., Pu.D., Kenit Takayama, M.D., YukiNort MaTsuo, M.D.,
Yosuixt Norisa, M.D., Takasar Mizowaki, M.D., Pu.D., Takasur Sakamorto, M.D.,
MasaTo Sakamoto, M.D., MicaHIDE Mitsumorl, M.D., Pu.D., Keiko SHisuya, M.D.,

Norio ArRAKI, M.D., SHINSUKE YANO, PH.D., AND MasaHIRO HiraOKkA, M.D., Pu.D.

Department of Therapeutic Radiology and Oncology, Kyoto University, Graduate School of Medicine, Sakyo, Kyoto, Japan

Purpose: To evaluate the clinical outcomes of 48 Gy of three-dimensional stereotactic radiotherapy in four
fractions for treating Stage I lung cancer using a stereotactic body frame.

Methods and Materials: Forty-five patients who were treated between September 1998 and February 2004 were
included in this study. Thirty-two patients had Stage IA lung cancer, and the other 13 had Stage IB lung cancer
where tumor size was less than 4 em in diameter. Three-dimensional treatment planning using 610 noncoplanar
beams was performed to maintain the target dose homogeneity and to decrease the irradiated lung volume >20
Gy. All patients were irradiated using a stereotactic body frame and received four single 12 Gy high doses of
radiation at the isocenter over 5-13 (median = 12) days.
Results: Seven tumors (16%) completely disappeared after treatment (CR) and 38 tumors (84%) decreased in
size by 30% or more (PR). Therefore, all tumors showed local response. During the follow-up of 671 (median
= 30) months, no pulmonary complications greater than an National Cancer Institute-Common Toxicity Criteria
of Grade 3 were noted. No other vascular, cardiac, esophageal, or neurologic toxicities were encountered.
Forty-four (98%) of 45 tumors were locally controlled during the follow-up period. However, regional recur-
rences and distant metastases occurred in 3 and 5 of T1 patients and zero and 4 of T2 patients, respectively. For
Stage JA lung cancer, the disease-free survival and overall survival rates after 1 and 3 years were 80% and 72%,
and 92% and 83 %, respectively, whereas for Stage IB lung cancer, the disease-free survival and overall survival
rates were 92% and 71%, and 82% and 72%, respectively.

Conclusion: Forty-eight Gy of 3D stereotactic radiotherapy in 4 fractions using a stereotactic body frame is useful

for the treatment of Stage I lung tumors.

© 2005 Elsevier Inc.

Stereotactic body radiotherapy, Conformal radiotherapy, Lung cancer, Stereotactic body frame, Stereotactic

radiotherapy.

INTRODUCTION

Stereotactic radiotherapy (SRT) for extracranial tumors has
been recently performed to treat primary and secondary
lung cancer and has subsequently been named stereotactic
body radiotherapy. The advantages of hypofractionated ra-
diotherapy for treating lung tumors are a shortened treat-
ment course that requires fewer trips to the clinic than a
conventional program and the adoption of a smaller irradi-
ated volume allowed by greater setup precision. The disad-
vantages are uncertain effects of altered fractionation and
the theoretical risk of worsening the ratio of normal tissue to

tumor tissue through the use of a high dose per fraction. We
previously published our setup accuracy (1), initial clinical
results (2), computed tomography (CT) change after SRT
(3), positron emission tomography (PET) evaluation after
SRT (4) and treatment planning for SRT (5). In this study,
the clinical results of lung cancer on our initial 5 years’
worth of experiences are evaluated.

METHODS AND MATERIALS

Stereotactic radiotherapy was started for patients with lung
tumor in July 1998 at Kyoto University. An integrated radiother-
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apy system, including a CT simulator (CT-target, Shimadzu Corp.,
Kyoto, Japan), a three-dimensional (3D) radiotherapy treatment
planning (RTP) machine (CADPLAN Ver 3.1, ECLIPSE Ver 7.1,
Varian Associates, Palo Alto, CA), and a linear accelerator (CLI-
NAC 2300C/D, Varian Associates) were in clinical use, and, in
1998, a stereotactic body frame (Stereotactic Body Frame, Elekta
Corp., Stockholm, Sweden) was introduced for stereotactic body
radiotherapy (SBRT).

Patients were fixed in the stereotactic frame (6, 7) using a vacuum
pillow, and thereafter, six points were marked on the anterior chest
wall with a laser marker and Indian ink. Then, respiratory movement
of the tumor was observed with an X-ray simulator, where it was
regulated when it was larger than 8 mm in the craniocaudal direction.
A device called a diaphragm control, which is a board that pushes
against the epigastric abdominal wall, was used for respiratory
control. Serial CT scanning with 1 to 3 mm intervals around the
tumor was performed over 4 s per slice without using the breath-
hold technique. After the patient left the room, the target outlines
of internal target volume (ITV) were drawn using the RTP ma-
chine. Our CT images included the respiratory movement of the
target. Therefore, ITV including internal margins with clinical
target volume (CTV) was delineated. ITVs and CTVs were not
edited for anatomy. The setup margins between ITV and planning
target volume (PTV) were 5 mm for the anteroposterior, 5 mm for
the lateral, and 8 ~10 mm for the craniocaudal directions. Selection
of the optimal direction of noncoplanar beams or dynamic arcs was
performed by three experienced oncologists and technologists with
the goal of the RTP being 6 to 10 portals for noncoplanar static
beams. The beam energy used was 6 MV and the isocenter was
single for all beams. All patients received four single treatments
with 12 Gy of radiation prescribed at the isocenter. The mean ITV
volume was 13 mL. The target dose homogeneity of ITV was
within 20%, and the irradiated lung volume for >20 Gy (V20) was
made as small as possible. As a result, the minimal and maximal
ITV dose per fraction was 92% and 102.6%, respectively. The V20
ranged from 0.3% to 11.6% with a mean value of 4.3%. The
irradiated dose-volume histograms of the other organs at risk,
including the spinal cord, pulmonary artery, bronchus, and heart
were also calculated. As a result, the mean and maximal single
dose per fraction was 0.5 and 1.9 Gy for esophagus, 0.8 and 1.8 Gy
for bronchus, 0.8 and 2.6 Gy for pulmonary artery, 0.3 and 2.7 Gy
for heart, and 0.1 and 0.5 Gy for spinal cord, respectively (5). The
target reference point dose was defined at the isocenter of the
beam.

Before each treatment, anteroposterior and lateral portal films
were taken for verification. The position of each patient was
verified by three experienced oncologists and technologists at each
treatment time. When the setup error was larger than 2 mm
between the X-ray simulation film and portal film in any direction,
the patient was repositioned and portal films were taken and
verified again. Fractionated radiotherapy was performed with 4
days of 12 Gy over 5 to 13 (median = 12) days.

Using a linear-quadratic model (8), the biologic effective dose
(BED) was here defined to be nd (1+d/a — B) Gy, where n is the
fractionation number, d is the daily dose, and the a-f ratio was
assumed to be 10 for tumors. The value was 105.6 Gy-BED for 48
Gy in four fractions (our study).

Forty-five patients with histologically confirmed Stage I primary
lung cancer were treated between September 1998 and February
2004. Of them, 32 patients were Stage IA (T1NOMO); the other 13
were Stage IB (T2NOMO). Thirty-three patients were males and 12
were females, respectively. Their ages ranged between 51 and 87
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years, and 77 years was the median for Stage IA, whereas they
ranged between 68 and 80 years with 73 years as the median for Stage
IB. Sixteen Stage IA patients were inoperable and the other 16 were
operable but refused surgery, whereas 11 of the Stage IB patients
were inoperable and the other 2 refused surgery. The histologies of
the Stage IA patients were 16 squamous cell carcinoma, 15 ade-
nocarcinoma, and 1 non-small-cell cancer and the Stage IB his-
tologies were 8 squamous cell carcinoma and 5 adenocarcinoma.

The follow-up period was 6 to 71 (median = 30) months for the
Stage IA patients and 6 to 61 (median = 22) months for Stage IB
patients.

The eligibility criteria for the patients for Stage I primary lung
cancer were (/) surgery was contraindicated or refused, (2) the
patient could remain stable in the body frame for longer than 30
min (World Health Organization performance status =2), (3)
oxygen was not required under normal conditions, (4} no active
interstitial pneumonitis, and (5) written informed consent was
obtained.

All patients were staged by bronchoscopy, CT, and after 1999
18-fluoro-deoxy-glucose (FDG)-PET scanning. The initial CT-
based stage was changed in 2 patients with FDG-PET. For fol-
low-up after the SRT, chest films were taken every month, and CT
films were taken every 2 to 4 months for the first year and every
6 months between 1 year and 5 years after treatment. Toxicity was
evaluated using the National Cancer Institute-Common Toxicity
Criteria (NCI-CTC) Version 2.0.

Local tumor response was evaluated using the Response Eval-
uation Criteria in Solid Tumors criteria (9). Differentiation be-
tween radiation pneumonitis and residual tumor is difficult. How-
ever, new irregular densities which appeared within radiation field
2 to 6 months after radiotherapy and were thereafter reduced in
size were considered to be radiation pneumonitis. All cases whose
tumors decreased in size by 30% or more after radiotherapy were
classified as PR. The cumulative survival rates were calculated
using the Kaplan-Meier method.

RESULTS

Local tumor response

Of the 45 tumors, 7 (6 T1, 1 T2) (16%) completely
disappeared after treatment (CR) and 38 (84%) decreased in
size by 30% or more (PR). Also, all tumors showed a local
response, but the distinction between tumor control from
therapeutic effect was difficult. We considered any residual
density surrounding a tumor after radiotherapy to be PR,
and therefore the pathologic CR rate may have been much
higher than 16%. During the follow-up, only one local
failure that may be considered either marginal failure or
regional nodal failure was encountered at 24 months, as
shown in Fig. 1.

Toxicities

No severe symptomatic pulmonary complications (NCI-
CTC Grade 3 or larger) were encountered. However, 2
patients (4%)—1 with T1 and the other with T2—received
steroids after symptomatic pneumonitis and were catego-
rized as NCI-CTC Grade 2. CT exams every 2 to 4 months
after SRT showed mild pulmonary CT changes (NCI-CTC
Grade 1) in the other 43 (96%) cases. Symptoms such as a
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Fig. 1. A case of TINOMO lung cancer showing recurrence after stereotactic radiotherapy (SRT). The computed
tomography images at 7 months (b, upper right) after SRT demonstrated a new soft-tissue density as well as
radiation-induced lung damage (RILD) in the marginal area of the SRT that could not be observed at 2 months (a, upper
left) after SRT. Initially, the density was considered to be RILD. However, the density increased in size at 16 months
(c, lower left). The tumor was finally diagnosed as a local failure from either marginal failure or regional lymph nodal
failure. The dose distributions are also shown (d, lower right).

mild cough, general malaise, and slight fever were present
in 10 patients (22%) and were relieved without steroids at
the outpatient clinic. A CT change in the liver was tempo-
rarily observed with the transient elevation of liver enzymes
in a patient with a tumor in the right lower lung. As a result,
no vascular complications, cardiac complications, esopha-
geal complications, or neurologic complications were en-
countered.

Survival

TINOMO (Stage IA) primary lung cancer. For the 32
patients with histologically confirmed TINOMO Stage TA
primary lung cancer, all but one of the tumors were locally
controlled during the follow-up period. In 1 patient, a tumor
locally recurred 24 months after SRT. In 3 patients, cancer
recurred in regional hilar or mediastinal lymph nodes after
6, 12, and 24 months; in 4 patients, lung metastases after 2,
3, 20, and 55 months; and in the remaining patient, bone
metastases were noted after 15 months without local recur-
rence. One patient died during the follow-up period from
intercurrent causes.

Thus, the 1-year and 5-year local relapse-free survival
rates were 100% and 95% as shown in Fig. 2. The disease-
free survival rates after 1, 2, 3, and 5 years were 80%, 72%,
72%, and 72%, respectively, and the overall survival rates
were 93%, 90%, 83%, and 83%, respectively.

T2NOMO (Stage IB) primary lung cancer. Of the 13
patients with T2NOMO Stage IB primary lung cancer, all
tumors were locally controlled during the follow-up period.

In 2 patients, cancer recurred distantly in the lung after 7
and 52 months, in 1 patient brain metastasis occurred after
10 months, and in the remaining patient liver metastases
was noted after 12 months without local recurrence. Two
patients died during the follow-up period from intercurrent
causes.

Thus the 1- to 5-year local relapse free survival rates were
also 100%. The disease-free survival after 1, 2, 3, and 5
years were 92%, 71%, 71%, and 71%, respectively, and the
overall survival rates were 82%, 72%, 72%, and 72%,
respectively, as shown in Fig. 3.

Local relapse-free survival rate
I | . Lol L. 4.1 ]
Overall:survival rate
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Fig. 2. The overall, local relapse-free, and overall disease-free
survival rates of the patients with Stage IA (T1NOMO) lung cancer.
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Fig. 3. The overall, local relapse-free, and overall disease-free
survival rates of the patients with Stage IB (T2NOMO) lung cancer.

DISCUSSION

Local control rates of primary lung cancer with SRT has
been previously reported by several authors: 94% (47/50)
for 50 to 60 Gy in five fractions with a median follow-up of
36 months (10), 92% (22/24) for 60 Gy in eight fractions
with a median follow-up of 24 months (11), 87% (30/37) for
60 Gy in three fractions with a median follow-up of 15
months (12), 85% for 48 to 60 Gy in eight fractions with a
median follow-up of 17 months (13), 95% for 45 to 56.2 Gy
in three fractions with a median follow-up of 10 months
(14), and 97% (44/45) for 48 Gy in four fractions with a
median follow-up of 22 to 30 months (as shown in Table 1
in this study). Using a linear-quadratic model with an a-f3
ratio = 10, our fractionation of 12 Gy X 4 was equal to 2
Gy X 44 = 88 Gy. A BED larger than 100 Gy may be
effective for STI of solitary lung cancer with a local control
rate of more than 85%. Timmerman (12) concluded that a
60 Gy marginal dose in three fractions is the limiting dose.
Considering our clinical results, a further dose escalation
study of more than 48 Gy in four fractions is not necessary
for tumors smaller than 4 cm in diameter.

The current standard choice for Stage IA lung cancer
treatment is lobectomy (15). However, for many patients
this is not indicated because of accompanying diseases, such
as chronic obstructive pulmonary disease, cardiac disease,
and diabetes. For them, various minimal surgical techniques
are indicated, including wedge resection and video-assisted
thoracoscopic surgery as well as ablation. The local control
rates of various other modalities for primary Stage I lung
cancer previously reported was 93% for wedge resection
and 83-95% for VATS and the 5-year survival rates were
82% and 50-70%, respectively (16).

Onishi (17) recently reported results for 13 institutions in
Japan, where they summarized 245 patients, 155 with Stage
IA lung cancer and 90 with Stage IB lung cancer. The
operable and inoperable patients totalled 87 and 158, re-
spectively, and their results showed that the intercurrent
death rate was especially high in the inoperable patient
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group. Moreover, the 5-year survival rates of operable pa-
tients irradiated with more than BED = 100 Gy was 90%
for Stage IA and 84 % for Stage IB, and their clinical results
were as good as those for surgery.

During our follow-up, no serious complications were
encountered, and only mild radiation pneumonitis (NCI-
CTC Grade 2 or less) was detected by CT. Graham (18)
reported that the tolerance of the pulmonary dose >20 Gy
(V20) is 25% of the whole lung with low risk. Our >20 Gy
irradiated volume (V20) of the whole lung was 1.0% to
11.6% (average = 4.5%), which was markedly smaller than
that in their report. However, the V20 of the standard
fraction with 2 Gy and that of the SRT with 12 Gy must be
different. Further close follow-up is required. Another con-
cern of our study was the effects on the central bronchus,
pulmonary artery, esophagus, heart, and spinal cord. The
effects of the hypofractionated dose on the main bronchus,
pulmonary artery, heart, and esophagus have not been fol-
lowed for a long enough time. For our clinical experiences
thus far, no severe complications have been encountered.
However, lethal pulmonary bleeding and esophageal ulcer
have been previously reported by other institutions (19). A
case with a skin ulcer that finally caused thoracocutaneous
fistula and another case with acute cholecystitis due to
abdominal press were reported in Japan. Therefore, long-
term follow up is still necessary.

Considering the tumor control dose, after dose escalation
from 40 Gy to 48 Gy, only one local recurrence was
encountered for primary lung cancer, and no severe com-
plications were encountered for all tumors. Therefore, we
will continue this schedule for the treatment of primary lung
cancer. Systemic chemotherapy may be considered when
the local tumor is well controlled and regional/distant me-
tastases are frequent. On the other hand, the underlying
pulmonary diseases could be a limiting factor for SRT of a
solitary lung tumor. However, this should be discussed for
each case. In our cases, 1 patient who had severe interstitial
pneumonitis died of progression of pneumonitis 6 months
after SRT. Because the occurrence of this pneumonitis was
far distant from the irradiated tumor in the opposite lung,
death was considered to be unrelated to the treatment.
However, the effect of the scattered radiation dose cannot be
completely neglected and the indications of SRT for the
patients with interstitial pneumonitis should be limited. Our
current indications are that a patient does not require oxygen
under normal conditions and has no active interstitial pneu-
monitis shadow on a chest X-ray film. If these requirements
are satisfied, this treatment can be performed without seri-
ous complications.

Recently, we started a multi-institutional Phase II study
for TINOMO non-small-cell lung cancer under Japan Clin-
ical Oncology Group (http://www.jcog.jp/) number 0403.
Sixteen institutions have entered together and started the
same dose SBRT with 48 Gy at the isocenter in four
fractions for TINOMO lung cancer. The results of SRT for
inoperable and operable Stage I lung cancer patients are
awaited.
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Table 1. Clinical results of stereotactic radiotherapy for primary lung cancer

Author (year) Total dose (Gy) Daily dose {(Gy)

Reference point Local control Median follow-up

Uematsu (2001) 50-60 10
Arimoto (1998) 60 7.5
Timmerman (2003) 60 20
Onimaru (2003) 48-60 6-7.5
Wulf (2004) 45-56.2 15-15.4
This study (2005) 48 12

80% margin 94% (47/50) 36 months
Isocenter 92% (22/24) 24 months
80% margin 87% (30/37) 15 months
Isocenter 80% (20/25) 17 months
80% margin 95% (19/20) 10 months
Isocenter 97% (44/45) 30 months

The primary indication for stereotactic radiotherapy in
lung cancer could be a Stage Ia (TINOMO) patient. Very
early stage lung cancer can now be detected by screening
CT examination, and these cases are also good indications
for SRT. However, the issue of these cases is histologic
confirmation. In our clinical experience, 7 of 95 total SRT
cases could not be finally confirmed histologically. Of
course, these seven cases are not included in this study.
They could not be histologically confirmed because of the
failure or difficulty in CT-guided biopsy or transbroncho-
scopic lung biopsy. CT screening has revealed very early
staged lung cancer with ground glass opacity and some
patients with severe emphysema could be contraindicated
for biopsy. Therefore, the indication for SRT for these cases
without histologic confirmation should be discussed in the

future. When the tumor becomes larger than 3 cm in diam-
eter, which corresponds to Stage Ib (T2NOMO), SRT is
possible. However, the intratumor dose becomes less ho-
mogeneous, and the rate of occult distant metastases may
increase. Therefore, the extension of the indication of this
technique for T2 tumors requires more consideration for
dose escalation or adjuvant chemotherapy.

CONCLUSION

The feasibility and accuracy of 3D conformal radiother-
apy using a stereotactic body frame was evaluated. 3D SRT
using a stereotactic body frame is a safe and effective
treatment method for solitary lung tumors. Thus further
clinical studies are warranted in future.
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TREATMENT PLANNING OF STEREOTACTIC RADIOTHERAPY FOR
SOLITARY LUNG TUMOR
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Purpose: To analyze the stereotactic radiotherapy (SRT) plans in terms of internal target volume (ITV) and
organs at risk (OARs).

Methods and Materials: Treatment planning and dose distributions were analyzed using dose-volume histo-
grams (DVHs) of ITV and OARs in 37 patients, who were treated for a solitary lung tumor with SRT. The
stereotactic body frame (SBF) was used for immobilization and accurate setup. Prescription dose was 48 Gy in
four fractions at the isocenter.

Results: Use of SBF limits the extent of the noncoplanar beam directions to prevent a collision with the Linac
gantry. DVH analyses showed that the homogeneity index, defined as the ratio of maximum and minimum dose
to ITV, ranged from 1.03 to 1.25 (mean, 1.12). The volume irradiated with 20 Gy or more (V,,) of the lung ranged
from 0.3 to 11.6% (mean, 4.4%) of the whole lung volume. The maximum dose to the other OARs ranged from
0 to 11.8 Gy (mean, 0.5-2.7) per fraction. No clinically significant complications were encountered.
Conclusions: Despite the limitation of the beam arrangement, a homogeneous target dose distribution, while

avoiding high doses to normal tissues, was obtained. © 2005 Elsevier Inc.

Stereotactic radiotherapy, Lung tumor, Treatment planning, Dose-volume histogram, Normal tissue.

INTRODUCTION

Stereotactic radiotherapy (SRT) has recently been applied to
patients with small lung tumors. Initial clinical results in-
cluding ours were favorable, and local control rates around
90% have been reported (1-9).

Few reports, however, have been made about details of
treatment planning—such as beam arrangement, dose dis-
tribution to the target, and tolerance dose of normal tissues.
Regarding normal tissue, the use of a single high dose rather
than a conventional dose in consideration of the biologic
effect may increase the risk of complication. However, few
cases with severe toxicity have been reported.

At Kyoto University, we have treated more than 80
patients with this method since July 1998, with the approval
of our institutional review board and written informed con-
sent provided by all patients. Our initial reports on daily
setup accuracy and clinical results have already been pub-

lished (5, 10). This article reports on our treatment planning
procedures and results, especially in terms of doses to
internal target volume (ITV) and organs at risk (OARs)
using dose~volume histograms (DVHs) for the first half of
cases.

METHODS AND MATERIALS

Treatment planning procedure

A stereotactic body frame (SBF) (Elekta AB, Stockholm, Swe-
den) was used as an immobilization device. We have previously
reported the details of its use and its effect on daily setup accuracy
and reduction of respiratory tumor motion (10).

The following describes the flow chart of our treatment planning
procedures. First, the body of the patient was fixed by means of a
vacuum pillow in SBF. The patient was set in the supine position
with both arms raised using a T-shaped holding bar. The patient
and SBF were set on the couch of an X-ray simulator to measure
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tumor movement during free breathing using fluoroscopy. When
the tumor moved more than 10 mm in the craniocaudal (C-C)
direction, a small abdominal pressing plate called a “diaphragm
control” was applied before computed tomography (CT) scanning,
which suppresses the movement of the diaphragm and reduces
tumor movement during respiration. CT images were then sequen-
tially scanned from the neck to the upper abdomen with a CT
simulator. The CT slice thickness and pitch were 1 to 3 mm each
in the area of the tumor and 10 mm each in the other areas. Each
CT slice was scanned with an acquisition time of 4 s to include the
whole phase of one respiratory cycle. A series of CT images,
therefore, included the tumor and its respiratory motion. The
isocenter coordinate was defined using a three-dimensional radia-
tion treatment planning system (3D RTPS) (CADPLAN R.6.0.8,
Varian Associates, Palo Alto, CA). Anteroposterior (A-P) and
lateral films for verification were then obtained using the X-ray
simulator at a designated isocenter. Because the CT simulator and
the X-ray simulator employed the same couch in our integrated
system, the patient’s position on verification films was the same as
that on CT images in relation to SBF (10).

The outlines of the target were delineated on 3D RTPS using
lung CT window settings (window width 2000 Hounsfield units
(HU) and window level —700 HU, typically). A physician delin-
eated both the solid area (tumor itself), which could be seen even
using mediastinal CT window settings (window width 350 HU and
window level 40 HU, typically), and the surrounding obscure area,
which could be seen only under lung CT settings. The obscure area
is important because it indicates either tumor microscopic invasion
or respiratory tumor motion. This target volume corresponded to
the ITV in International Commission on Radiation Units and
Measurements Report 62. The outlines of gross tumor volume and
clinical target volume were included in the ITV, and gross tumor
volume and clinical target volume could not be delineated on the
planning CT in our system because the CT images already in-
cluded the internal motion. Spiculation and pleural indentation
were included within the ITV. Neither mediastinal nor hilar lymph
nodes were included within the ITV.

The physician also delineated the outline of the following
OARs: lung, spinal cord (canal), pulmonary artery, heart, and
esophagus. The outline of the lung included that of the target. The
pulmonary artery, heart, and esophagus were delineated with each
outer contour and included both the wall and content of each
organ. The pulmonary artery was delineated from its origin to the
pulmonary hila. The esophagus was delineated from the level of
the sternal notch to the esophagocardial junction.

Treatment planning was performed using the 3D RTPS, and
5-10 noncoplanar static ports were selected. Edges of the multileaf
collimator (MLC) were located 8 -10 mm outside of the ITV in the
C-C direction and 5 mm in the A-P and lateral directions. The
distance in the C-C direction was larger than that in the other
directions, because the former was set to compensate for an irreg-
ular respiratory motion which could not be included in the ITV
using the CT scan with the acquisition time of 4 s. The prescribed
dose was 12 Gy per fraction at the isocenter, and the total dose was
48 Gy with four fractions. The dose was delivered by a linear
accelerator (CLINAC 2300 C/D, Varian medical systems) with
6-MV photons. Each MLC had a 1-cm leaf width at the isocenter.
One of the planning goals was to maintain a dose homogeneity of
ITV within 10%, which meant a dose to ITV ranging from 90% to
110% of the isocenter dose. Another goal was to maintain V,, (the
volume irradiated with 20 Gy or more) of the bilateral lung at less
than 25%. Beam arrangement was also selected to minimize doses
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to OARs. The use of the beam that passed directly through the
spinal cord was avoided.

Beam arrangement

The applicable area of noncoplanar beam directions is more
limited in SRT for extracranial tumors compared with intracranial
tumors. There are three main causes: (1) risk of collision of the
couch and the gantry; (2) blockade of the contralateral posterior
beams by the supporting metal bar at the couch center; and (3)
usage of the SBF that might cause the additional collision with the
gantry. Figure 1 shows examples of the applicable gantry angle
range that varies depending on the couch angle. We usually shift
the position of the supporting couch and SBF in the lateral direc-
tion to avoid the metal bar on the center of the couch for a posterior
beam, as shown in Fig. 2a. The figure shows the scheme of the
couch and SBF shift from the foot-side view, in which the couch
is shifted to the left side by 16.5 cm, and the SBF is shifted to the
right side by 6.5 cm to put the center of the right-sided target on
the isocenter. To find the applicable beam directions on the 3D
RTPS more easily, we made diagrams that indicated applicable
combinations of couch and gantry angles (11). Fig. 2b shows the
diagram for the right-sided tumor. The area between an upper line
and a lower line presents the applicable combination of the gantry
and couch angles in each different isocenter height from the SBF
base that determines the couch height. The diagrams were very
useful in finding applicable beam directions at the time of treat-
ment planning.

Gantry angle

Couch angle

Fig. 1. Limitation of the couch and gantry angles. The left figure
shows the applicable gantry position when the couch is set to the
standard position (0° of the couch angle) and the tumor is in the
right lung. The beam from the left direction cannot be used either
because of the collision of the gantry and the couch or SBF. The
beam from the posterior direction cannot be used either because of
the interference of the supporting bar that lies in the center of the
couch. Therefore, the applicable gantry angles are limited in the
range of the thick arrow. Larger we set the couch rotation angle
(e.g., 30° as shown in the right figure of Fig. 1), wider gets the zone
in which the gantry and either the couch or stereotactic body frame
mutually interfere. The range of the applicable gantry angle, there-
fore, is limited further as the thick arrow shows in the right figure.
The supporting bar at the couch center is shown as a black square.
The outer stiff frame of the stereotactic body frame consists of
bilateral “side” walls, a “bottom™ wall, and “slope” walls between
the side and the bottom.
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Fig. 2. Diagrams of beam arrangements. (a) Scheme of the couch
and stereotactic body frame shift, which is necessary to avoid the
metal bar on the center of the couch for a posterior beam. Isocenter
height from the stereotactic body frame base is the parameter
determining the couch height. (b) The applicable area of beam
arrangement at the different isocenter heights. The area between
each sequential line presents the applicable combination of the
gantry and couch angles.

The procedure for choosing the optimal beam arrangement was
forward planning based on our experiences. The beam arrange-
ment used in our planning consisted of 5-10 beams, which in-
cluded 1-4 coplanar beams and 2-6 noncoplanar beams. The
alignment of the beams was chosen to be geometrically homoge-
neous wherever possible within the limitation. The use of opposing
beams was avoided. The use of the beam that passed directly
through the spinal cord was also avoided, although just one of the
beams is allowed to pass directly through the spinal cord in recent
planning. After checking the dose distribution by means of both
DVH and dose distribution on axial images, modification of the
beam alignment, number of beams, and weight of each beam was
made to create an optimal dose distribution, which showed ho-
mogenous distribution to the target and low dose distribution to the
normal tissues. A typical beam arrangement and the dose distri-
bution are shown in Fig. 3 and Table 1.

Dose correction

There are two important issues for dose correction in SRT for
lung tumors. One is lung inhomogeneity correction; the other is
correction for dose attenuation caused by SBF.

We use the generalized Batho method to calculate the dose
distribution with lung inhomogeneity correction. The center dose
of lung tumors calculated by 3D RTPS without lung inhomoge-
neity correction were higher than the dose calculated with a
house-made Monte Carlo simulation by 6% as an average (range
1-14%) in our institutional experiment. In contrast, the dose cal-
culated with the generalized Batho method almost corresponded to
the dose calculated with the Monte Carlo simulation. When the
radiation field became too small, the dose calculated with the
generalized Batho method did not correspond to the actual dose.
Therefore, we did not use a radiation field smaller than 3 cm X
3 cm.

Another experiment revealed that the beams passing through
the SBF showed a considerable dose reduction, although the
frame, which has a honeycomb structure with a center of paper
and surrounding glass fiber surface with edgings of pure birch,
absorbs fewer X-rays compared with other materials. The outer
stiff frame of the SBF consists of bilateral side walls, a bottom
wall, and sloped walls between the side and bottom, as shown

(a)

Fig. 3. A typical beam arrangement and the dose distribution. (a)
A three-dimensional figure of a typical beam arrangement consist-
ing of two coplanar beams and four noncoplanar beams. The detail
of the gantry and the couch angles are shown in Table 1. (b) The
two-dimensional dose distribution using this beam arrangement.

in Fig. 1. In the experiment, the mean dose attenuation ratio
through each part of the frame was 7.5% for the side wall,
10.6% for the sloped wall, 9.5% for the bottom wall, 11.9% for
transitional part between the side and sloped wall, and 11.8%
for the transitional part between the sloped and bottom wall.
The dose attenuation ratio ranged from 6.0 to 15.4%, and the
mean value was 9.3%. Therefore, we used a uniform dose
correction of 9.3% for beams passing through SBF in clinical
use. According to another experiment using a phantom, the
uniform dose correction of 9.3% minimized the dose difference
from the actual dose by less than 3% (11).

Analysis of treatment planning

We analyzed the plans of 37 consecutive patients who un-
derwent hypofractionated single high-dose SRT for small lung
tumors at our institute between October 1998 and December
2000. All tumors were located at periphery of the lung and were
of sizes smaller than 4 cm in the largest diameter on a diag-

Table 1. A typical beam arrangement

Port no. Gantry angle Couch angle (degrees)
1 180 0
2 260 0
3 340 40
4 30 40
5 35 320
6 295 320
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nostic CT image or radiograph. In the analysis of target dose,
we evaluated maximum dose, minimum dose, 90% coverage
volumes, and homogeneity index. Homogeneity index was de-
fined as the ratio of maximum dose to minimum dose. In the
analysis of dose to the lung, we evaluated the V,, as an index
related to the risk of radiation pneumonitis. In the analysis of
dose to the other normal tissues, we evaluated maximum dose
and mean dose to the spinal cord, heart, esophagus, and pul-
monary artery. The median (range) clinical follow-up was 32
(3-63) months.

RESULTS

Target dose

The ITV ranged from 0.3 to 41.3 mL (mean, 13.4 mL).
The ITV maximum dose ranged from 100.0 to 107.5%
(mean, 102.6%), and the ITV minimum dose ranged from
82.5 to 99.2% (mean, 92.0%). The homogeneity index
ranged from 1.03 to 1.25 (mean, 1.12). Figure 4 shows the
relationship of the target volume with minimum dose, max-
imum dose, and homogeneity index for all patients. The
minimum dose generally decreased as the target volume
increased (coefficient of determination: 72 = 0.53). On the
other hand, the homogeneity index increased as well, be-
cause the index nearly equaled to the inverse number of the
minimum dose (#* = 0.59). When the ITV exceeded 30 mL,
the minimum dose was less than 90% and the homogeneity
index was more than 1.2 in all cases. The percentage of the
target volume irradiated with a dose of 90% or more of the
isocenter dose (90% coverage volumes) exceeded 99.5% in
all patients but one, whose ITV exceeded 40 mL.

Dose to the normal tissues

Doses to the normal tissues were analyzed for the lung,
spinal cord, esophagus, heart, pulmonary artery, and bron-
chus. The results are summarized in Table 2, except for the
dose to the lung.
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Fig. 4. Correlation with the internal target volume (ITV) and the
dose to the ITV. Minimum and maximum doses to the ITV and
homogeneity indices in each patient are presented in association
with the value of ITV. Minimum dose had the tendency to decrease
as the target volume increased (#* = 0.53). Homogeneity index
had also a tendency to increase (r* = 0.59).
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Table 2. Dose to the normal tissues

Mean dose

Max dose

Mean (range) Gy/fraction

Esophagus 0.5 (0.0-1.3) 1.9 (0.1-5.2)
Bronchus 0.8 (0.0-5.0) 1.8 (0.1-7.9)
Pulmonary artery 0.8 (0.1-1.5) 2.6(0.1-11.8)
Heart 0.3 (0.0-1.5) 2.7 (0.1-10.6)
Spinal cord 0.1 (0.0-0.2) 0.5 (0.0-2.2)

Mean and maximum doses of the normal tissues in each plan are
summarized in this table. The values outside and between paren-
theses represent the average and the range for all patients,
respectively.

Lung. V,, of the whole lung ranged from 0.3% to 11.6%
with a mean value of 4.3%. There were 3 patients whose
V,, exceeded 10%. One of them had only one lung because
of tuberculosis. The other 2 patients had larger tumors than
all other patients. Figure 5 shows the relationship of the
target volume with V,, of the whole lung in all patients. In
most of the patients, V,, increased in proportion to the
target volume. Some patients, however, showed much
larger V,, than patients with the same target volume when
the tumor was located near the center of the lung. On the
other hand, some patients showed smaller V,, when the
tumor was located near the chest wall. Regarding pulmo-
nary toxicity, only 2 patients (5%) had Grade 2 radiation
pneumonitis in the National Cancer Institute - Common
Toxicity Criteria (NCI-CTC), and no patients had more than
Grade 2 pneumonitis. Thirty-four patients (92%) showed
Grade 1 radiation pneumonitis, and most of them were
asymptomatic and had only pneumonitis changes on CT
images.

Spinal cord. A low dose to the spinal cord was main-
tained, because the use of beams that pass through the cord
directly was intentionally avoided. The maximum dose in
all patients was only 2.2 Gy per fraction. No patients
showed cord toxicity.

Esophagus. The maximum dose to the esophagus in all
patients was 5.2 Gy per fraction. The dose to the esophagus
exceeded 5 Gy per fraction (20 Gy in total dose) only for
the patient who showed the maximum dose. No severe
esophageal toxicity greater than NCI-CTC Grade 2 was
encountered.

Heart. The maximum dose to the heart in all patients was
10.6 Gy per fraction. The maximum volume of the heart
irradiated over 5 Gy per fraction was 7.2 mL in the same
patient. There were 5 patients whose maximum dose to the
heart exceeded 5 Gy per fraction. In 3 of the 5 patients,
more than 1 mL was irradiated with 5 Gy per fraction, and
DVHs are shown in Fig. 6a. No severe cardiovascular
toxicity greater than NCI-CTC Grade 2 was encountered.

Pulmonary artery. The maximum dose to the pulmonary
artery in all patients was 11.2 Gy per fraction. The patient
who showed the maximum dose to the pulmonary artery had
a tumor near the pulmonary hilum. The volume irradiated
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Fig. 5. Correlation with the internal target volume (ITV) and the
volume irradiated with 20 Gy or more (V,,) of the lung. V,, had
a tendency to increase as ITV increased (¥ = 0.50). However, V,,
also depended on the total lung volume and tumor position.

with 5 Gy or more was 5.13 mL, and the volume irradiated
with 10 Gy or more was 0.86 mL in this patient. Dose to the
pulmonary artery exceeded 5 Gy in 14 patients, the volume
irradiated with 5 Gy or more exceeded 1 mL in 7 patients,
whose DVH are shown in Fig. 6¢. No clinical toxicity such
as pulmonary bleeding or pulmonary artery obstruction was
encountered.

Bronchus. Maximum dose to the bronchus in all patients
was 7.9 Gy, and the maximum volume irradiated with 5 Gy
or more was 2.92 mL. Figure 6b shows the DVH of the
patient who was irradiated with the maximum dose to the
bronchus. Though dose to the bronchus exceeded 5 Gy in 5
patients, the volume irradiated with 5 Gy or more did not
exceed 1 mL except in the patient previously mentioned. No
clinical toxicity such as symptomatic bronchitis or bronchial
stenosis was encountered.

DISCUSSION

Stereotactic body frame was originally developed by
Blomgren and Lax at Karolinska Hospital in Sweden (12,
13). It gives the following advantages: (I) Effective patient
immobilization during treatment; (2) greater daily setup
accuracy; (3) easy setup correction because of measuring
scales on the frame; and (4) successful reduction of the
respiratory tumor movement with a small abdominal press-
ing plate. Daily setup accuracy is much more important for
SRT than for conventional radiotherapy, because a setup
error in single treatment causes a larger error in total dose
distribution. Its accuracy has been proven to be high enough
in many articles, although verification and repositioning at
every treatment are recommended (10, 12, 14). Its effec-
tiveness on the reduction of respiratory tumor movement
has also been proven in some articles (10, 14). On the other
hand, this frame has the following disadvantages: excessive
time required to arrange stereotactic coordinates; inappro-
priate application for obese patients; or limited availability
of beam arrangement. The last disadvantage was considered
an issue that should be solved before starting the practice of

SRT with SBF. Therefore, we made the diagrams for avail-
able combinations of couch and gantry angles to use in
routine clinics (11). We configured 5-10 noncoplanar
beams using the diagrams, aiming for a practicable and
balanced arrangement under the limitation. The diagrams
were helpful in avoiding the selection of unusable beams in
actual treatment.

We routinely use noncoplanar multiple static ports. The
number of ports depends on the tumor size and location and
is selected from 5 to 10 in our plan. Although a large
number of ports makes dose distribution more conformal
compared with a small number in general, our simulation
revealed that it has made little difference in the increase of
the number of ports more than 10 under the limitation of the
couch and gantry arrangement. Moreover, because radio-
therapy staff member enter the treatment room for checking
that there is no collision when the gantry or the couch are
moved, the large number of ports increases both treatment
time and workload of the staff. These are the reasons why
we use 5-10 static ports. Despite the limitation of the beam
arrangement because of usage of the body frame and the
supporting metal bar in the center of the couch, appropriate
dose distributions were successfully achieved. Dose homo-
geneity indices for ITV were very small, and 90% dose
coverage volumes were more than 99.5% in all cases except
one.

The multiple arc technique is applied to SRT for extracra-
nial tumors in a few institutes (15). However, there were
some problems using this technique in our institute. Be-
cause the available beam range was limited by the SBF and
couch structure, sufficient gantry rotational angles were not
available. Also, the dose attenuation correction was practi-
cally impossible for an arc that contained both beams that
passed and those that did not pass through the SBF. In our
fundamental experiment for comparing the dose distribution
between multiple static ports (6, 8, or 10 ports) and multiple
arcs (3, 5, or 7 arcs, 300°), few differences were observed
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Fig. 6. Dose-volume histogram of the normal tissues. The dose~
volume histogram of patients irradiated with more than 5 Gy to 1
mL or more of each normal tissue. (a) Heart. (b) Bronchus. (c)
Pulmonary artery.
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between both techniques in SRT for extracranial tumors
under the constraints mentioned here. Therefore, we rou-
tinely use noncoplanar multiple static ports.

In regard to normal tissues, Emami et al. reported toler-
ance doses at a 5% complication rate in 5 years (TD 5/5)
when irradiated with 2 Gy per fraction (16). This result,
however, may not be applicable to hypofractionated, single,
high-dose radiotherapy. Some recent articles reported on
normal tissue complications in SRT for lung tumors. Severe
toxicities are summarized in Table 3 (3, 4, 6, 13, 17). There
are, however, few articles that have reported on the rela-
tionship between doses to normal tissues and their compli-
cations.

For lung doses, Graham et al. compared the total lung
DVH parameters with the incidence and grade of pneumo-
nitis after treatment for non—small-cell lung cancer. They
concluded that V,, might be useful in comparing competing
treatment plans to evaluate the risk of pneumonitis (18). We
have used V,, of the total lung volume as a dose constraint
for the lung. V,, was sufficiently lower than the dose
constraint (25%) in our planning. We have encountered
only 2 patients who showed radiation pneumonitis of Grade
2 in the NCI-CTC version 2.0, and no patients who showed
Grade 3 or more. It is, however, controversial whether V,,
can be applied to SRT in the same way as it is applied to
conventional radiotherapy. We must follow this up carefully
and analyze other parameters when severe toxicity occurs in
the future.

A low dose to the esophagus was maintained in our
planning, and no toxicity has yet been seen. Onimaru et al.
have reported a patient who died because of a radiation-
induced esophageal ulcer after receiving 48 Gy in eight
fractions (6). The review of the planning revealed that 1 mL
of the esophagus might have received 42.5 Gy with a
maximum dose of 50.5 Gy. Though the case of this patient
may have indicated the tolerance dose, they could not de-
termine the essential maximum tolerance dose of the esoph-
agus because of uncertainty in the contouring.

Wulf et al. reported fatal bleeding from the pulmonary
artery 9 months after stereotactic irradiation (Grade 5) in a
patient who received a previous conventional irradiation
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with a total dose of 60 Gy and stereotactic irradiation with
a total dose of 30 Gy per 10 fractions. In our study, dose to
the pulmonary artery was relatively higher when the tumor
was located near the pulmonary hilum. Five Gy per fraction
in more than 1 mL was irradiated in 5 of 7 patients. Severe
toxicity has not yet been presented. The true volume of a
pulmonary arterial wall irradiated with 5 Gy in the patients
was smaller than the volume containing arterial blood used
in our analysis. This might be one of the reasons why there
has been no severe toxicity. However, the true tolerance
dose to the pulmonary artery is still unknown.

Dose to the bronchus using brachytherapy has been re-
ported to be from 4 to 6 Gy at a reference point per fraction
with four fractionations in some typical protocols in other
institutes. The reference point was typically located at a S-mm
depth from the mucosal surface, and more doses were irradi-
ated at the mucosal surface. Our dose to the bronchus was
considered to be much safer in comparison with these reports.

A low dose to the spinal cord was maintained in our
planning because the use of the beam that included the
spinal cord in the beam pathway was avoided. No patient
with radiation myelitis has been reported after SRT. We
changed the strategy of the beam arrangement and allowed
just one of the beams to pass directly through the spinal cord
in recent planning to improve the dose distribution for the
target. One beam delivered a dose of about 2 Gy or less per
fraction to the cord, when the fractional dose of 12 Gy was
evenly delivered by six ports.

There is no report to be referred to regarding severe
toxicity of the heart after stereotactic single high dose
radiotherapy. In our study, although part of the heart was
irradiated with a high dose in some patients, no severe
complication has been encountered. However, the effect of
high-dose irradiation to the coronary artery remains unclear,
and the risk of severe toxicity may increase when a patient
suffers from arterial atherosclerosis. Therefore, we must
follow patients carefully over a long period. In regard to
skin reaction, 7 patients (19%) showed erythema or pigmen-
tation denoting Grade 1 acute toxicity at the entrance of a
beam. No patient showed skin toxicity with Grade 2 or more.

Tolerance dose to OARs in SRT is a great concern for

Table 3. Severe toxicities (Grade 3 or more)

No. of targets

Authors (patients) Dose/fraction at isocenter Severe toxicities
Blomgren et al. 17 (13) 23-68 Gy/1-3 Fr. Grade 3: Chronic cough (6%)
Hara et al. 23 (19) 20-30 Gy/1 Fr. (minimum to GTV) Grade 3: Respiratory symptom (O, supply) (4%)
Onimaru et al. 57 (45) 48-60 Gy/8 Fr. Grade 5: Esophageal ulcer (2%)
Wulf et al. 27 45 Gy/3 Fr. Grade 3: Esophageal ulcer (4%)
Grade 5: Pulmonary artery bleeding (4%)
Gomi et al. 38 (35) 40-62.5 Gy/4-5 Fr. Grade 4: Pneumonitis (3%)

Grade 4: Dermatitis (3%)
Grade 3: Esophagitis (3%)

Abbreviations: Fr. = fraction; NCI-CTC = National Cancer Institute - Common Toxicity Criteria.
Severe toxicities of Grade 3 or more in NCI-CTC are summarized in this table. All of the authors in the table used three-dimensional
conformal radiotherapy for lung tumors using hypofractionation or single fractionation shown in the table.



