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Table 1 Characteristics of patients and laboratory data

Patient no. Sex Age Therapy condition Past operation Symptom IPI WBC CRP LDH sIL2 TKA EBNA antibody
1 F 79  Initial NP Fever 1 7570 1475 141 775 52 160

2 M 77  Recurrence NP Chest pain 1 6010 2.81 212 588 18.2 320

3 M 76  Recurrence AP Chest pain 1 7240 6.69 228 407 85 10

4 M 73  Initial AP Chest pain 2 7910 2.83 192 690 59 10

5 M 71 Initial AP Chest pain, fever 2 9160 10.34 300 958 114 NA

6 F 87  Initial AP Chest pain, fever 2 10430 3.15 271 694 7.1 320

7 M 80  Initial AP Chest pain 3 12160 375 338 1138 16.1 320

AP artificial pneumothorax, NP not performed, IPI international prognostic index, WBC white blood cell count, CRP C-reactive protein, LDH
lactate dehydrogenase, sIL2R soluble interleukin 2 receptor, TKA thymidine kinase activity, EBNA EBV nuclear antigen, NA not available

Table 2 Condition and imaging characteristics on PET/CT

No. Indication for Therapy and condition SUVmax Decrease Non-enhanced CT
PET/CT or PET % SUVmax contribution to PET/CT
1 Staging Initial staging 342 Chest wall swelling
Response Response to irradiation (56 Gy) 1.1 =97 Shrinking of swelling chest wall
Follow-up Follow-up 1.4 No contribution
2 Restaging Local recurrence 142 Chest wall swelling
Response Response to irradiation (40 Gy) 22 —84 Chest wall swelling
Restaging Local recurrence 16.6 Destruction of ribs
Response Response to R-CHOP 19.9 +20 Destruction of ribs and chest wall invasion
3 Restaging Local recurrence 21.2 Mass with chest wall invasion and destruction
of calcified wall in CP
Response Response to irradiation (54 Gy) 4.6 —78 To detect shrinking tumor
Restaging Local recurrence 17.2 To detect tumor regrowth
Response Response to irradiation (50 Gy) 5.1 -70 To detect shrinking tumor
Restaging Local recurrence 83 To detect tumor regrowth
4 Staging Initial staging 18 Mass lesion surrounds the rib
Response Response to irradiation (52 Gy) 1.8 —-90 Mass lesion surrounds the rib
Follow-up Follow-up 1.64 No contribution
5 Diagnosis 27.1 Mass with mediastinum invasion
6 Staging Initial staging 31.8 Expanding mass and destruction
of calcified wall in CP
Response Response to irradiation (60 Gy) 3.3 -90 To detect shrinking tumor
Follow-up Follow-up 1.6 No contribution
7 Staging Initial staging 25.7 Mass with chest wall invasion and
destruction of calcified wall in CP
Response Response to R-CHOP 31.6 +23 To detect tumor growth
Response Response to irradiation (60 Gy) 2.1 —93 To detect shrinking tumor
Restaging Adrenal gland metastasis 19.1 To detect the right adrenal gland swelling
Response Multiple metastases 22.8 No contribution

R-CHOP rituximab with cyclophosphamide, doxorubicin, vincristine and prednisone, CP chronic pyothorax

high FDG uptakes at the sites of active inflammation or
post-therapy inflammatory changes in pyothorax at the

time of the PET/CT scans.

FDG PET/CT was performed in a total of 24 cases for
different indications in different patients as shown in

Table 2 and below.
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Diagnosis and initial staging

Five FDG PET/CT cases were diagnosed with PAL and
staged with the help of FDG PET/CT. All of the PET/CT
scans detected well-defined masses with intensive FDG
uptakes and were positive on visual interpretation. Non-
enhanced CT findings during PET/CT examination showed
several characteristics reported in previous studies. In this
study, non-enhanced CT images on initial PET/CT showed
invasion or deviation of structures adjacent to the tumor
(chest wall in 3 patients, diaphragm in 1 and pericardium in 1)
and destruction of the calcifying shell in three patients
(Fig. 1).

One PET/CT examination detected bilateral adrenal
metastases in a patient (No. 7) and chemotherapy [rituxi-
mab with cyclophosphamide, doxorubicin, vincristine and
prednisone (R-CHOP)] was performed as an initial therapy.
Three patients (No. 1, 4 and 6) were treated with radio-
therapy because PET/CT findings and other modalities
showed solitary lesions. One patient (No. 5) could not
receive treatment due to a severe physical condition and
PAL was diagnosed with autopsy 2 weeks after the initial
PET/CT.

Restaging and follow-up

Three patients (No. 2, 3 and 7) in six PET/CT cases had
repeat PET/CT performed to evaluate restaging because
recurrence was suspected on the basis of physical findings
or other imaging modalities in the follow-up period after

Fig. 1 A 73-year-old man
(case 4) with PAL. a An axial
enhanced CT image shows the
enhanced tumor adjacent to the
wall of the CP (white arrow).
b Axial FDG PET/CT image
shows increased FDG uptake
(SUVmax 18.0) at the chest wall
with soft tissue density (white
arrow). ¢ After radiotherapy, an
axial enhanced CT image shows
indistinct findings of a tumor
adjacent to the wall of the CP
(white arrow). d After
radiotherapy, an axial FDG
PET/CT image shows decreased
FDG uptake (SUVmax 1.8) at
the chest wall with soft tissue
density (white arrow)

@ Springer

completion of treatment. At the PET/CT examinations, two
patients (No. 2 and 3) had a history of radiotherapy 5 and
6 years earlier, respectively. They had achieved CR until
the suspicion of recurrence. They received initial PET/CT
examinations to evaluate the restaging (Fig. 1). In one
patient (No. 7), PET/CT for restaging was performed after
radiotherapy following chemotherapy. PET/CT detected a
recurrence in the left adrenal gland.

Three PET/CT scans in three patients (No. 1, 4 and 6)
were performed to follow up lesions, and these scans
showed no sign of recurrence.

Treatment response evaluation

A total of 10 PET/CT scans in 6 patients (No. 1, 2, 3, 4,
6, and 7) were performed to evaluate the efficacy of
treatment. All of them had received radiotherapy or
chemotherapy for the PAL lesions before the PET/CT
examinations. Five PET/CT scans in 5 patients (No. 1, 2,
4, 6, and 7) showed the same or lower FDG uptake
compared with the blood pool or mediastinal uptake, and
we considered that the PAL had achieved CR based on
the PET/CT findings. Two PET/CT scans in one patient
(No. 3) showed relatively higher FDG uptake than blood
pool or mediastinal uptake, and these scans were con-
sidered to indicate partial response (PR). Two PET/CT
scans in 2 patients (No. 2 and 7) showed clearly higher
FDG uptakes of the original lesions than previous PET/
CT for staging or restaging, and one PET/CT scan (No. 7)
detected a new lesion at the scalp. Finally, these three
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scans were considered to indicate progressive disease
(PD).

Change of FDG uptake and CT contribution during
PET/CT examination

The decrease percentage of the SUVmax in pre- and post-
treatment was calculated from 10 pairs of PET/CT.
Imaging results are summarized in Table 2. The SUVmax
of the tumor before the initial treatment ranged from 14.2
to 32.5 (mean & SD, 24.6 &+ 7.2). In these patients, the
SUVmax of the tumor did not correlate with any of
the laboratory data. In the therapeutic efficacy, over
80% decreasing and around 20% increasing uptakes of
SUVmax corresponded to CR and PD in our visual
interpretation, respectively.

Tumor shape before and after treatment on enhanced
CT imaging

The changes of tumor size, shape or enhancement pattern
on enhanced CT imaging in the situation of effective
treatment are shown in Table 3. The mean interval between
the contrast-enhanced CT examinations and the PET/CT
examinations was within 6 weeks. On all post-treatment
sites except one, residual masses were still identified by
enhanced CT imaging, although these lesions shrank in size
and showed decreased enhancement. Only one lesion,
which was evaluated as CR, became unmeasurable after
treatment.

Table 3 Enhanced CT findings of PAL and chronic pyothorax

Discussion

PAL is a rare form of malignant lymphoma arising in the
pleural wall after a long-standing history of CP [1-3].
Several studies have reported PAL to be associated with
EBYV infection [4-7]. PAL patients are generally elderly
men. PAL occurs throughout the world, but has a high
prevalence among Asians who have undergone artificial
pneumothorax for pulmonary tuberculosis [13]. As to
pathological characteristics, more than 90% of cases
showed diffuse B cell lymphoma. Optimal management of
PAL is undefined, though several studies have reported
various methods of chemotherapy and/or radiotherapy [2, 3,
14]. PAL has a poor prognosis with <40% survival 1, 2].

PAL is occasionally misdiagnosed as lung cancer or a
form of tuberculous abscess because of the similarity of the
clinical symptoms and radiological findings of these con-
ditions. Contrast-enhanced CT findings have been reported
for the diagnosis of PAL, although specific CT diagnostic
findings may not be confirmed [8—10]. A few reports have
shown the usefulness of 67 gallium citrate (67 Ga) scin-
tigraphy for the diagnosis and assessment of therapeutic
effects in PAL cases [8-10, 14, 15]. Recently, there have
been a few case reports of 'SF-FDG PET findings in
patients with PAL [11, 16]. FDG PET imaging, including
SUVmax, is useful for diagnosis and assessment of the
efficacy of treatment in malignant lymphoma, and has been
found to be superior to 67 Ga scintigraphy [17, 18]. Our
study also showed FDG PET/CT to be a useful modality
for diagnosing PAL and assessing the efficacy of treatment.

Patient Tumor characteristics on enhanced CT examinations

Chronic pyothorax

no.

Location Growth Sharp and enhancement Size (mm) Location Shape and
pattern patterns in effective treatment carcificated
pattern
Pre-treatment Post-treatment Pre-treatment  Post-treatment
1 Pleura at External Nodular/ Disappeared/ 33 x 15 Non-measurable Bilateral Crescent/
costophrenic angle inhomogeneous  disappeared circular
2 Lateral costal pleura External Nodular/ Nodular/ 67 x 20 59 x 20 Right Crescent/
circumscribed inhomogeneous partial
3 Lateral costal pleura External Nodular/ Nodular/ 56 x 16 47 x 16 Left Lenticular/
circumscribed circumscribed circular
4 Lateral costal pleura External Nodular/ Nodular/ 62 x 30 60 x 27 Right Crescent/
inhomogeneous  disappeared partial
5 Mediastinal pleura  External Multilocular/ - 91 x 47 - Right Lenticular/
inhomogeneous partial
6 Lateral costal pleura Symmetric Nodular/ Nodular/ 82 x 47 35 x 23 Left Crescent/
: circumscribed circumscribed circular
7 Pleura at External Multilocular/ Nodular/ 74 x 59 67 x 33 Right Lenticular/
costophrenic angle inhomogeneous  circumscribed partial
@ Springer
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As an additional advantage, non-enhanced CT imaging
during FDG PET/CT facilitates the diagnosis of PAL as a
complementary modality for detecting masses or an irreg-
ularly shaped CP. Meanwhile, enhanced CT is a useful
modality for diagnosing PAL based on the shape or
enhancement of lesions. In this study, however, enhanced
CT frequently showed residual masses in the post-treat-
ment state, and these residual masses interfered with the
accurate decision-making of the therapeutic efficacy. Our
study suggests that FDG PET/CT may be an ideal modality
for reducing the false-positive interpretation of residual
masses occurring after treatment for PAL because of the
simultaneous information obtained during PET and CT
imaging.

The first limitation of this study is the small size of the
study population. However, PAL is a rare form of malig-
nant lymphoma even in Japan. Thus, opportunities to study
FDG PET/CT images obtained from patients with PAL are
rare. Moreover, this limitation is unlikely to have affected
our conclusion, since the usefulness of PET for other types
of malignant lymphoma has been clearly demonstrated in
previous studies. A second limitation is the short interval
between the time after the treatment period and PET/CT
examinations. Certainly, post-therapy inflammatory chan-
ges may also be observed in clinical lymphoma PET
studies for at least 2-3 months after radiation therapy or
chemotherapy. To minimize the frequency of these chan-
ges, which potentially confound the interpretation of PET
scans, PET should preferably not be performed before
8-12 weeks after completion of radiotherapy [12]. How-
ever, we were able to accurately interpret the CR states
using PET/CT during the earlier periods after treatment.
Tangential irradiation for reducing the area of the irradia-
tion field was performed on the patients because PAL
lesions were located in peripheral areas of the CP. We
considered that this technique might shrink the area of
post-therapy inflammatory changes. Moreover the treat-
ment strategy for these patients had to be decided promptly
because of the poor prognosis of PAL.

In conclusion, this study showed FDG PET/CT imaging
to be useful for various situations in PAL (diagnosis,
assessing the efficacy of treatment, restaging and follow-
up) even in cases with residual masses. Additionally,
SUVmax provides complementary information for the
management of PAL.
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OBJECTIVE. The purpose of this study was to evaluate the radiologic features of pyotho-
rax-associated lymphoma on CT scans and chest radiographs.

MATERIALS AND METHODS. Radiographs and CT scans of 21 patients with bi-
opsy-proven pyothorax-associated lymphoma (17 men, four women; median age, 71 years;
range 52-77 years) were retrospectively identified. Two readers in consensus analyzed the
morphologic imaging features of pyothorax-associated lymphoma and determined their re-
lation to the preexisting chronic empyema cavity. In 13 cases, gallium scans were available
and were reviewed.

RESULTS. Sixteen patients had a history of artificial pneumothorax therapy for tubercu-
losis. Pyothorax-associated lymphoma was visualized mainly (71.4% of cases) as extrapul-
monary pleural masses on chest radiographs. The CT features included a lenticular (60%) or
crescentic (20%) soft-tissue mass located eccentrically at the margin of a coexistent empy-
ema cavity, which was present in all cases. Masses of pyothorax-associated lymphoma were
commonly located in the lateral costal pleura (50%) or at the costophrenic angle (30%). The
tumor matrix often appeared heterogeneous and contained areas of necrosis (60%). Direct in-
vasion of the chest wall, ribs, lung parenchyma, and abdomen was found in 75%, 50%, 25%,
and 25% of patients. Gallium scans, when available, showed marked uptake in 10 of 13 pa-
tients (76.9%).

CONCLUSION. In patients who have undergone artificial pneumothorax therapy for tu-
berculosis more than 20 years in the past, a pleural soft-tissue mass adjacent to the margin of a
coexistent empyema cavity suggests the presence of pyothorax-associated lymphoma. Knowl-
edge of the typical radiologic findings and locations of pyothorax-associated lymphoma help

in the diagnosis of this rare pathologic entity.

yothorax-associated lymphoma
is a rare type of lymphoma that
typically occurs in patients who
have undergone artificial pneu-
mothorax therapy for tuberculosis [1-4]. Re-
sults of several studies [1-4] have suggested
that the development of pyothorax-associat-
ed lymphoma is triggered by long-standing
empyema, that is, lasting for more than 20
years after the initial pneumothorax treat-
ment. Until approximately 1970, artificial
pneumothorax therapy for tuberculosis was
performed mainly on younger patients. This
treatment was gradually replaced by clini-
cally more effective chemotherapy. A long
latency period between the artificial pneu-
mothorax treatment and the development of
pyothorax-associated lymphoma, sometimes
more than 40 years, has been reported [1-4].
Nakatsuka et al. [2] reported that 98 of 106
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patients (92%) with pyothorax-associated
lymphoma had a history of artificial pneu-
mothorax therapy. Narimatsu et al. [4] re-
ported that 78 of 98 patients (80%) had a
similar history.

According to the literature, the mean age at
diagnosis of pyothorax-associated lymphoma
is approximately 60 years, and there is a predi-
lection for men [1-4]. Common symptoms in-
clude chest pain, fever, and a palpable chest
wall mass, which occur in approximately one
half of patients. Respiratory symptoms such as
productive cough, hemoptysis, and dyspnea
are found in one fourth of patients [1, 2, 4].
Aozasa [5] reported a 2% incidence of pyotho-
rax-associated lymphoma among patients with
concomitant chronic empyema. The current
pathophysiologic understanding of the dis-
ease suggests that both chronic Epstein-Barr
virus (EBV) infection and an immunocom-
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promised condition from long-standing chron-
ic inflammation due to chronic empyema may
be the causative mechanism of development of
pyothorax-associated lymphoma [6, 7]. The
histopathologic appearance of pyothorax-as-
sociated lymphoma is a soft-tissue mass aris-
ing from the thickened pleura and diffusely in-
vading the parietal and visceral pleura. The
pleura exhibits marked fibrous thickening with
nonneoplastic inflammatory cells [1-3].

The prevalence of pyothorax-associated
lymphoma is higher in Asia, especially Japan,
than it is elsewhere [1-4, 8, 9]. There are two
explanations for the higher prevalence in Ja-
pan. First, management of tuberculosis with
artificial pneumothorax has been performed
mainly in Asia, especially Japan [10]. Sec-
ond, Epstein-Barr virus infection appears to
have a higher incidence in Asia than in oth-
er areas [11, 12]. A few case reports [13-15]
of pyothorax-associated lymphoma in West-
ern countries have appeared. Pyothorax-asso-
ciated lymphoma has been recognized world-
wide as a specific entity owing to its listing
in the 2004 World Health Organization clas-
sification of tumors [16]. Although the clini-
copathologic features of pyothorax-associat-
ed lymphoma have been described and seem
to be established in the literature, few studies
have addressed the specific radiologic findings
associated with this lesion [8, 9, 17-19]. The
purpose of our study was to retrospectively
analyze specific radiologic findings associat-
ed with pyothorax-associated lymphoma and
to illustrate the spectrum of findings on chest
radiographs, CT scans, and gallium scans.

Materials and Methods
Patient Selection

The cases of 21 patients (17 men, four wom-
en; median age, 71 years; range 52-77 years) with
histopathologically proven pyothorax-associated
lymphoma were retrospectively identified at seven
Japanese medical centers. Digital databases, in-
cluding the radiology information system, radio-
therapy databases, and pathologic databases, of
the institutions were searched for the period April
1985 to December 2008. This retrospective study
was approved by our institutional review board
with waiver of informed consent.

Clinical, histopathologic, and radiologic find-
ings were reviewed. Chest radiographs and chest
CT data were available for all patients. Eighteen of
21 CT examinations were performed with IV con-
trast administration. Slice thickness was 6-10 mm,
and the reconstruction intervals were 5-10 mm.
The tube current—time product ranged from 200 to
240 mAs, and the tube voltage was 120 kV. Whole-
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body ¢’Ga scans were available for 13 patients. All
57Ga scans were performed 72 hours after injection
of 74 MBq %’Ga-citrate. Whole-body imaging was
performed in the anterior and posterior views, and
spot camera images were obtained.

Imaging Findings

Two board-certified radiologists (9 and 10
years of experience in thoracic radiology) who
were aware of the diagnosis of pyothorax-associ-
ated lymphoma reviewed images from all radio-
logic examinations in consensus.

Chest radiography—Chest radiographs were
evaluated for the following imaging features:
presence of extrapulmonary opacity associated
with existing abnormalities from empyema, type
of pleural calcification (circumferential, clusters
on either the medially deviated visceral pleura or
the lateral parietal pleura, or none), chest wall ab-
normalities (bulging soft-tissue. mass along the
lateral chest wall, soft-tissue opacity with loss of
subcutaneous fat planes), air-fluid level forma-
tion in the empyema cavity, and bony destruction.
Frontal view chest radiographs were reviewed in
all cases and were complemented by a lateral im-
age if available.

CT—Chest CT images were analyzed for the
presence of empyema, soft-tissue masses, local
extension of the masses, and distant extension
(Fig. 1). The analysis of empyema included the
following: shape of empyema cavity (oval, len-
ticular, or crescentic), pattern of pleural calcifi-
cation (circumferential or partial), and presence
of fistula formation (air-fluid level or air bub-
ble in the empyema cavity). The CT criterion of

a thickened and contrast-enhancing pleural layer
(split pleura sign) enclosing a lenticular fluid col-
lection was indicative of the presence of empye-
ma. Analysis of aspirated pleural fluid and sero-
logic tests were used to confirm the CT findings.
The evaluation of a soft-tissue mass included lo-
cation, shape (oval, lenticular, crescentic, lobu-
lated), size (long- and short-axis measurements),
relation to the coexistent empyema, and content.
The locations of the soft-tissue mass were subclas-
sified into the following five groups: lateral costal
pleura, diaphragmatic pleura, apical pleura, pleura
at the costophrenic angle, and mediastinal pleu-
ra. The relation between the soft-tissue mass and
the coexistent empyema was categorized into the
following three types: corner (center of the mass
located eccentrically along the pleura adjacent to
the margin of the empyema cavity), central (center
of the mass located on the pleura next to the center
of the empyema cavity), and remote (mass in no
anatomic relation to the empyema cavity). The in-
ner contents of the mass were categorized into ho-
mogeneous and heterogeneous enhancement; the
latter was subdivided into necrotic and multiloc-
ular areas within the mass. We did not evaluate
the absolute degree of mass enhancement because
different contrast protocols were used at the vari-
ous imaging centers. In the absence of I'V contrast
enhancement, the content was judged according to
the density of the mass. Finally, the growth pat-
terns of the masses were determined as predomi-
nantly external, symmetric, or internal growth ten-
dency. External growth tendency was considered
present when two thirds of the tumor mass was
outside the pleural boundary (chest wall). Internal

Fig. 1—Schematic shows CT features
evaluated for characterization of
empyema cavity (shape, pleural
calcification, fistula formation)

and soft-tissue mass (pyothorax-
associated lymphoma) for location

in relation to preexisting empyema
(margin, central, or remote), shape,
size, and content. Local extension

of pyothorax-associated lymphoma
(growth pattern, local or adjacent
involvement, fistula formation) also is
determined. CP = costophrenic.
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growth tendency was the opposite, and symmetric
growth was defined as that between external and
internal growth.

The site of direct invasion of adjacent struc-
tures, including chest wall, rib, lung, abdomen,
neck, mediastinum, pericardium, and spine, was
recorded. Chest wall invasion was considered
present when tumor was detected outside the ribs.
Rib involvement was classified as osteolytic or os-
teoblastic. Extension into the lung was defined as
masslike invasion of the lung parenchyma.

Gallium scanning—Abnormal uptake of
67Ga-citrate was determined as follows: strong
uptake (uptake of soft-tissue mass equal to or
greater than that of liver parenchyma), moder-
ate uptake (uptake of mass less than that of liver
parenchyma), and weak uptake (uptake less than
that of lung parenchyma). Distant involvement of
pyothorax-associated lymphoma was considered
the presence of abnormal uptake on the gallium
scan and abnormal findings on CT images. In-
volvement of local lymph nodes or other distant
organs was based on CT evidence of involvement
and abnormal gallium accumulation if gallium
imaging had been performed. A short-axis diam-
eter measurement of 1.5 cm with strong ’Ga-cit-
rate uptake was defined as a positive finding of
lymph node involvement.

Results
Clinicopathologic Findings

The clinicopathologic features of the pa-
tients are summarized in Table 1. In all cases,
a histopathologic diagnosis of pyothorax-as-
sociated lymphoma was made with biopsy of
the tumor. A history of artificial pneumotho-
rax for management of tuberculosis and sub-
sequent empyema was confirmed in the cases
of 16 of the 21 patients. One patient had a his-
tory of long-standing empyema due to trauma
from a traffic accident without a history of tu-
berculosis. Four patients did not have detailed
information about the cause of chronic em-
pyema. The median interval from the onset
of empyema to the diagnosis of pyothorax-as-
sociated lymphoma was 45 years (range, 31—
52 years). The symptoms at onset were chest
wall pain in 14 patients, palpable chest wall
mass in 12 patients, productive cough in five
patients, dyspnea in three patients, and fever
with weight loss in three patients. One patient
had Horner syndrome [20].

The histopathologic subtypes of pyothorax-
associated lymphoma included diffuse large
B-cell lymphoma in 19 patients (90.5%) and
peripheral T-cell lymphoma in two patients
(9.5%). Results of laboratory testing for ac-
companying EBV infection were available
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TABLE I: Clinicopathologic Features of Pyothorax-Associated
Lymphoma (n = 21)

Feature Value

Age atdiagnosis (y)

Median n

Range 52-77
Sex(no.)

Men 17

Women 4

Male/female ratio 4.3/1
History of pyothorax (no.)

Artificial pneumothorax for tuberculosis therapy 16(76.2)

Traffic accident 1(4.8)

Other 4(19.0)
Latency from tuberculosis therapy to diagnosis of pyothorax-associated lymphoma (y)

Median 45

Range 31-52
Symptom at diagnosis of pyothorax-associated lymphoma (no.)

Chest pain 14(66.7)

Chest wall mass 12(57.1)

Productive cough 5(23.8)

Dyspnea 3(14.3)

Fever, weight loss 3(14.3)

Horner syndrome 1(4.8)
Histopathologic type (no.)

Diffuse large B cell type 19(90.5)

Peripheral T cell type 2(9.5)
Epstein-Barr virus infection result (no.) (n=8)

Positive 7(87.5)

Negative 1(12.5)

Unavailable 13
Treatment(no.)

Chemotherapy 4(19.0)

Radiation therapy 4(19.0)

Chemotherapy and radiation therapy 9(42.9)

No therapy 1(4.8)

Unknown 3(14.3)
Outcome (no.)

Death of pyothorax-associated lymphoma 13(61.9)

Death of other cause 1(4.8)

Alive with recurrence 1(4.8)

Alive without recurrence 3(14.3)

Unknown 3(14.3)
Survival period after diagnosis (mo)

Mean 22

Range 2-98

Note—Values in parentheses are percentages.

AJR:194, January 2010

—223—



A

Pyothorax-Associated Lymphoma

Fig. 3—72-year-old man with pyothorax-associated lymphoma and 40-year history of tuberculous empyema.
A, Chest radiograph shows diffuse pleural thickening with extrapulmonary opacity (asterisk) in left thoracic cavity and bulging mass on lateral chest wall (arrowheads).
B, Contrast-enhanced CT scan shows crescent-shaped mass on chest wall (arrowheads). Necrotic mass dominantly extends outside lateral pleura adjacent to lenticular

empyema cavity.

Fig. 2—65-year-old woman with pyothorax-
associated lymphoma and history of therapy for
tuberculous pleuritis 52 years previously.

A, Chestradiograph shows opaque extrapulmonary
mass (asterisk) in right thoracic cavity. Visceral
pleura is medially deviated with linear calcification
(arrowhead).

B, Contrast-enhanced CT scan shows two chronic
empyema cavities with partial calcification (arrow)
and lenticular soft-tissue mass (arrowheads)
symmetrically extending across lateral pleura
eccentrically at margin of empyema cavity. Mass
exhibits moderate enhancement compared with
empyema cavity.

C, Gallium scan shows moderate accumulation corresponding to soft-tissue mass (arrowhead). Tail of accumulation extends along pleura (arrows). No accumulation is

presentin empyema cavity.

for eight patients; seven of the eight patients
(87.5%) had positive results for EBV.

Four of the patients with pyothorax-associ-
ated lymphoma were treated with chemother-
apy; four, radiation therapy; and nine patients,
combined chemotherapy and radiation thera-
py. One patient underwent no treatment, and
three patients had no record of treatment and
outcome. Thirteen of 21 patients (61.9%) died
of pyothorax-associated lymphoma a mean of
22 months (range, 2-98 months) after the di-
agnosis was made.

Radiographic Features

The findings of pyothorax-associated lym-
phoma on chest radiographs are summarized
in Table 2. An extrapulmonary opacity within
the thoracic cavity corresponding to the CT
finding of an empyema cavity was found in
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all patients (Figs. 2 and 3). Pleural calcifica-
tions were common (76%) and predominately
involved the visceral pleura, which was me-
dially deviated by the empyema cavity (Figs.
2, 4, and 5). Chest wall abnormalities were
found in 15 patients (71.4%). One third of the
patients had bulging soft-tissue masses on the
lateral chest wall (Figs. 3 and 4), and one third
of patients had soft-tissue opacities with loss
of fat plane along the chest wall without hav-
ing a mass effect. Air—fluid levels in the em-
pyema cavity were identified in three patients
(14.3%) (Fig. 4). Bony destruction was detect-
ed in four patients (19.0%) (Fig. 4).

CT Features

Table 3 shows the CT findings in each pa-
tient with regard to the coexistent empyema
cavity, soft-tissue mass of pyothorax-associat-
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TABLE 2: Chest Radiographic Findings
of Pyothorax-Associated
Lymphoma (n = 21)

Finding No.

Intrathoracic extrapulmonary mass 21(100)
Calcification of pleura

Circular 3(14.3)

Partial 13(61.9)

None 5(23.8)
Chest wall abnormality 15(71.4)

Bulging chest wall soft-tissue mass 8(38.1)

Soft-tissue opacity without mass effect | 7 (33.3)
Air—fluid level in empyema cavity 3(14.3)
Bone destruction 4(19.0)

Note—Values in parentheses are percentages.
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Fig. 4—71-year-old man with fistula formation
between lung and empyema cavity due to invasion by
pyothorax-associated lymphoma.

A, Chest radiograph shows air—fluid level in empyema
cavity (long arrow). Thick calcification (arrowhead)
in costophrenic angle is deviated medially by
soft-tissue opacity straddling costophrenic angle.
Anterior portions of right sixth and seventh ribs are
destroyed by mass (short arrows). Asterisk indicates
extrapulmonary mass with chest wall invasion.

B, Contrast-enhanced CT image shows empyema
cavity with thick capsular calcification and
crescentic soft-tissue mass (arrowheads) in
costophrenic angle. Mass invades capsule of
empyema cavity (curved arrow) to form air—fluid
levels in cavity (straight arrow). Anterior portion of
sixth rib is destroyed by tumor invasion (circle).

ed lymphoma, and the features of local exten-
sion. The cumulative results also are shown.
Coexistent empyema was recognized in all
21 patients as an encapsulated cavitary lesion
(Figs. 2-4). The shape of the empyema cavi-
ty was oval in nine patients (42.9%), crescen-
tic in seven patients (33.3%), and lenticular
in five patients (23.8%). Pleural calcifications
associated with empyema were present in all
patients; five patients (23.8%) had circular

Fig.5—71-year-old man with pyothorax-associated
lymphoma with directinvasion through right
diaphragm into abdomen and distant involvement of
leftadrenal gland (patient 2).

A, Chestradiograph shows soft-tissue opacity
(arrow) inright lower thoracic cavity overlying
calcified diaphragm (arrowhead).

B, Unenhanced CT scan shows ovoid soft-tissue
mass overlying calcified diaphragmatic pleura
extending through diaphragm into peritoneal cavity
(arrowheads).

C. Unenhanced CT scan atlower level than B shows
left adrenal soft-tissue mass (arrow).

D, Gallium scintigram shows marked tracer
accumulation in both chest wall mass (T) and left
adrenal mass (A).
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A

calcification, and 16 (76.2%) had partial cal-
cification of the empyema sac (Figs. 2 and 3).
Fistula formation with an air—fluid level or air
bubble in the empyema cavity had occurred
in eight patients (38.1%) (Fig. 4).

Soft-tissue masses adjacent to the empye-
ma were depicted in 20 patients (Figs. 2-5).
One patient had no soft-tissue mass, and the
diagnosis was made only at cytologic exami-
nation of aspirate from the empyema cavity.
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Ten pyothorax-associated lymphoma mass-
es (50%) were located on the lateral pleura
(Figs. 2 and 3), and seven (33%) straddled the
costophrenic angle (Fig. 4). The others were
on the apical pleura (10.0%), diaphragmatic
pleura (5.0%) (Fig. 5), or mediastinal pleura
(5.0%). All masses were adjacent to the co-
existent empyema corner (Figs. 2-5). The
soft-tissue mass was lenticular in 12 patients
(60.0%) (Fig. 2), crescentic in four patients

D
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(20.0%) (Fig. 3), oval in two patients (10.0%) (Fig. 5), and lobulated
in two patients (10.0%). The mean long- and short-axis measurements
were 84.2 mm (range, 33-204 mm) and 53.0 mm (range, 20-155 mm).
The content of the masses was homogeneous (Fig. 5) in five patients
(15.0%), necrotic (Fig. 4) in 12 patients (60.0%), and multilocular in
two patients (10.0%).

Eleven of 20 soft-tissue masses exhibited symmetric expansile
growth along the pleura (Fig. 2). Eight masses (40.0%) had external-
dominant extension outside the thoracic cavity (Fig. 3). Only one mass
(5.0%) had internal-dominant extension. Chest wall invasion was
common, being detected in 15 patients (75.0%) (Figs. 2 and 3). Rib
involvement was found in 13 patients (65.0%), and osteolytic lesions
(Fig. 4) were more common (50.0%) than osteoblastic lesions (15.0%).
Other sites of direct invasion included the lung parenchyma in five pa-
tients (25.0%); abdomen through the diaphragm (Fig. 5) in five pa-
tients (25.0%); cervical soft tissues in two patients (10.0%); scapula
in one patient (5.0%); and mediastinum, pericardium, and vertebra in
one patient (5.0%).

Gallium Scanning

Among 13 patients for whom gallium scans were available, 10 pa-
tients (76.9%) had marked gallium accumulation in the soft-tissue
masses (Figs. 3 and 5). Two patients had moderate accumulation,
and one patient had weak accumulation.

Distant Involvement

Lymph node involvement was found in two patients. One of these
patients had intrathoracic lymph node involvement, and the other
had intrathoracic and extrathoracic lymph node involvement. Dis-
tant involvement was detected in three patients. Two patients had
adrenal involvement (Fig. 5), and one patient had bilateral renal in-
volvement. The three patients with distant involvement had no lymph
node involvement.

Discussion

Pyothorax-associated lymphoma is a rare disease with variations in
endemic prevalence [3]. Although there have been many reports from
Asia [8, 9], especially Japan [2, 4], there have been only a few reports
from Western countries [13-15]. Pyothorax-associated lymphoma
therefore has not been fully recognized on a global scale. As details
about the pathogenesis and cellular origin have been revealed through
clinicopathologic and immunohistologic studies [7], pyothorax-asso-
ciated lymphoma has been recognized as a specific type of lymphoma.
The disease was listed in the World Health Organization classification
in 2004 [16]. In that document it is described as “a rare type of non-
Hodgkin’s lymphoma of exclusively B-cell phenotype occurring in pa-
tients with a clinical history of longstanding pyothorax resulting from
pulmonary tuberculosis or tuberculous pleuritis, strongly associated
with Epstein-Barr virus infection.”

It is important to recognize the presence of pyothorax-associated
lymphoma because it is a malignant, life-threatening condition with a
much poorer prognosis than the benign chronic empyema. The grow-
ing trend of globalization increases the possibility of encountering this
exceptional disease throughout the world, including Western countries.
Radiologists should be aware of this rare but malignant disease be-
cause early detection is key to successful treatment [21].

Although many investigators have described the pathogenesis and
histopathologic features of pyothorax-associated lymphoma, only a
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Fig. 6—Development and typical CT findings of pyothorax-associated lymphoma.
A, Schematic shows that after artificial pneumothorax in management of pulmonary tuberculosis or tuberculous pleuritis, chronic empyema can develop inintrathoracic
extrapleural space. Pleura adjacent to empyema cavity is constantly stimulated by chronic inflammation, and itis thought that chronic Epstein-Barr virus infection may

be associated with tumorigenesis of pyothorax-associated lymphoma.
B, Schematic shows pyothorax-associated lymphoma developing more than 20 years after therapy for tuberculosis in association withimmunocompromised condition

due to long-standing inflammation.

C, Schematic shows typical CT features include soft-tissue mass commonly located on lateral pleura eccentrically at margin of empyema cavity. Shape of mass is
commonly lenticular or crescentic. Symmetric or external extension to thoracic cavity is common. Air—fluid level in empyema cavity may be present when tumor extends
to empyema capsule to form fistula. Mass frequently invades chest wall and ribs.

few reports have elaborated specific radio-
logic findings [9, 17]. We found typical ra-
diologic findings of pyothorax-associated
lymphoma that reflect its pathogenesis and
histopathologic characteristics (Fig. 6). It
seems likely that chronic stimulation by the
long-standing presence of empyema favors
development of neoplasia in the pleura [3].
Pyothorax-associated lymphoma com-
monly demonstrates a lenticular or crescent-
shaped soft-tissue mass straddling the thick-
ened pleura at the margin of a coexistent
empyema cavity (Fig. 6). The lesion has a
tendency to invade adjacent structures, the
exact structures depending on the anatomic
location of the empyema. Frequent sites of
invasion are the chest wall, rib, and lung
when the tumor is located on the lateral cos-
tal pleura. A less frequent site is the abdomen
through the diaphragm when the empyema is
in the costophrenic angle or along the dia-
phragm. CT frequently depicts air—fluid lev-
els or air bubble formation in the empyema
cavity, and these signs may be associated
with fistula formation caused by the tumor
invasion. Fistula formation also can occur in
chronic empyema without a tumor but is not
common [22]. In our series, 60% of lesions
exhibited heterogeneity of the mass compat-
ible with areas of necrosis, which is uncom-
mon in the other types of non-Hodgkin’s
lymphoma [23]. Previous authors [1, 2, 4]
have reported distant involvement of pyotho-
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rax-associated lymphoma, including the cer-
vical, mediastinal, and abdominal lymph
nodes; superficial lymph nodes; adrenal
glands; liver; stomach; kidneys; CNS; spleen;
small intestine; and pancreas. Lymph node
involvement was found in only 10% of pa-
tients in our study, and distant involvement
of the adrenal glands or kidneys occurred in
only 15% of patients.

The most important differential diagno-
ses of pyothorax-associated lymphoma are
benign complications of chronic empyema.
Aggressive features at reactivation of tuber-
culosis can mimic the occurrence of tumors.
Among them, tuberculous empyema neces-
sitatis, defined as subcutaneous abscess for-
mation through the parietal pleura into the
chest wall, is one of the most important dif-
ferential diagnoses of pyothorax-associated
lymphoma [8, 9]. Although previous studies
have shown difficulties in differentiation of
malignant tumors and benign chronic em-
pyema, the typical findings of pyothorax-
associated lymphoma in our study seem to
be pathognomonic, or, at least, they help to
increase the sensitivity of detection of this
rare malignant disease. Our results suggest
that the soft-tissue component of pyothorax-
associated lymphoma can be differentiated
from the coexisting empyema. Even though
this disease is rare and can be difficult to di-
agnose with imaging alone, knowledge of
the typical location of pyothorax-associated
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lymphoma—eccentrically at the margin of
the empyema cavity—should lead to the op-
timal location for tissue sampling when bi-
opsy of the mass is planned [19].

Rare empyema-associated malignant tu-
mors and malignant tumors accompanied by
empyema to be considered in the differential
diagnosis of pyothorax-associated lymphoma
include mesothelioma, angiosarcoma, malig-
nant fibrous histiocytoma, and squamous cell
carcinoma [9, 17, 24-28]. Malignant pleural
mesothelioma and empyema can coexist, but
a correlation between these two diseases has
not been specifically reported, to our knowl-
edge. Malignant pleural mesothelioma com-
monly extends along the pleural cavity, and
the pleura-based mass tends to spread dif-
fusely throughout the thoracic cavity. Focal
and localized mesotheliomas are rather rare
tumors but are thought to be similar to py-
othorax-associated lymphoma [24]. A histo-
ry of asbestos exposure appears helpful for
differentiating mesothelioma from pyotho-
rax-associated lymphoma [24]. Rare cases of
malignant fibrous histiocytoma, angiosarco-
ma, and squamous cell carcinoma or sarco-
ma in association with tuberculous pyotho-
rax have been described, but few data appear
in the literature with regard to the specific ra-
diologic manifestations [25, 26]. Specificim-
aging features of pyothorax-associated lym-
phoma, such as symmetric growth pattern of
a mass at the margin of chronic empyema,
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therefore appear to be distinct from other
empyema-associated malignant lesions.

Our study had limitations. We performed
a retrospective data analysis of cases of py-
othorax-associated lymphoma collected
from several institutions. Although the num-
ber of cases seems small, our study exceed-
ed other descriptions of the imaging features
of this rare disease. Furthermore, we could
not control the heterogeneity of CT parame-
ters among the different institutions. Finally,
we did not specifically analyze differences
between patients with pyothorax-associated
lymphoma and patients with benign chronic
empyema or compare the findings of pyotho-
rax-associated lymphoma with those of oth-
er empyema-associated malignant lesions,
which appear to be even less common [9].

Many reports have shown the utility of
gallium scans in the diagnosis and assess-
ment of response to therapy for lymphoma,
including one report of pyothorax-associated
lymphoma [21, 29]. Furthermore, 8F-FDG
PET has been routinely used for staging and
monitoring of therapeutic response in lym-
phoma and has proven utility superior to that
of gallium scanning [30]. Asakura et al. [31]
reported the usefulness of FDG PET in the
staging and monitoring of pyothorax-asso-
ciated lymphoma. We conclude that knowl-
edge of the illustrated typical radiologic
findings of pyothorax-associated lymphoma
is helpful for detecting this rare but fatal em-
pyema-associated malignant lesion.
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GENETIC VARIANTS OF NPAT-ATM AND AURKA ARE ASSOCIATED WITH AN EARLY
ADVERSE REACTION IN THE GASTROINTESTINAL TRACT OF PATIENTS WITH
CERVICAL CANCER TREATED WITH PELVIC RADIATION THERAPY
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Purpose: This study sought to associate polymorphisms in genes related to cell cycle regulation or genome main-
tenance with radiotherapy (RT)-induced an early adverse reaction (EAR) in patients with cervical cancer.
Methods and Materials: This study enrolled 243 cervical cancer patients who were treated with pelvic RT. An early
gastrointestinal reaction was graded using the National Cancer Institute Common Toxicity Criteria, version 2.
Clinical factors of the enrolled patients were analyzed, and 208 patients were grouped for genetic analysis accord-
ing to their EAR (Grade <1, n = 150; Grade =2, n = 58). Genomic DNA was genotyped, and association with the
risk of EAR for 44 functional single-nucleotide polymorphisms (SNPs) of 19 candidate genes was assessed by
single-locus, haplotype, and multilocus analyses.

Results: Our analysis revealed two haplotypes to be associated with an increased risk of EAR. The first, comprising
rs625120C, rs189037T, rs228589A, and rs183460G, is located between the 5’ ends of NPAT and ATM (OR = 1.86;
95% CI, 1.21-2.87), whereas the second is located in the AURKA gene and comprises rs2273535A and rs1047972G
(OR =1.75; 95% CI, 1.10-2.78). A third haplotype, rs2273535T and rs1047972A in AURKA, was associated with
areduced EAR risk (OR = 0.42; 95% CI, 0.20-0.89). The risk of EAR was significantly higher among patients with
both risk diplotypes than in those possessing the other diplotypes (OR = 3.24; 95% CI, 1.52-6.92).

Conclusions: Individual radiosensitivity of intestine may be determined by haplotypes in the NPAT-ATM and

AURKA genes. These variants should be explored in larger association studies in cervical cancer patients.

© 2010 Elsevier Inc.

Cervical cancer, Early adverse reaction, Haplotype, Radiosensitivity, Association study.

INTRODUCTION

Cancer patients experience individual variation in normal
tissue reactions after radiotherapy (RT). Such reactions to
RT are quite complex, with multiple genetic factors contrib-
uting to a patient’s susceptibility for such adverse reactions
to RT (1, 2). Identification of genetic markers associated
with a risk of adverse reactions will facilitate the

development of new procedures for protecting high-risk pa-
tients from the adverse reactions and will improve our under-
standing of the biologic mechanisms determining individual
radiosensitivity.

Uterine cervical cancer (CC) is the second most common
malignancy among women worldwide. The number of inci-
dent cases of CC in 2002 was approximately 493,000, and
deaths resulting from CC numbered 274,000 (3). The
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currently recommended therapeutic modality for locally ad-
vanced CC is concomitant chemotherapy and RT (4-8). The
treatment volume of RT for CC involves several normal
structures such as the small bowel, colon, rectum, and
urinary bladder. Therefore, an early adverse reaction
(EAR) of the intestinal tract is one of the major concerns
in the treatment of CC. The risk of intestinal toxicity could
be related to individual differences in radiosensitivities of
the mitogenic crypt cells contained therein under present
treatment protocols.

Approximately 60 studies have addressed possible associ-
ations between genetic sequence alterations and the risk of
adverse reactions (2, 9, 10). Many of these focused on
candidate genes involved in inflammatory response
pathways such as TGFBI, DNA repair such as XRCCI and
XRCC3, DNA damage signaling and cell cycle control
such as ATM, and oxidative stress responses such as
SOD2. Adverse reactions (AR) after RT were analyzed in
patients with mainly breast and prostate tumors. Only one
study, to our knowledge, has investigated associations
between genetic alterations and AR in patients with
gynecologic tumors, correlating single-nucleotide polymor-
phisms (SNPs) or microsatellite polymorphisms on XRCC1,
XRCC3, XRCC5, OGG1, and TGFB1 with the occurrence of
late normal tissue reactions after RT (11-13).

We recently conducted an association study of early ad-
verse skin reactions in breast cancer patients who underwent
breast-conserving RT, and consequently suggested that hap-
lotypes in MAD2L2, PTTG1, RAD9A, LIG3, and CD44 are
associated with such reactions in breast cancer patients
(14). Based on these findings, we proposed that early skin re-
actions arise from damage to the self-renewing epidermal
cells because four of the candidate genes function in cell cy-
cle regulation and/or chromosome maintenance, involving
sister chromatid separation and also the mitotic spindle
checkpoint and damage sensor. We therefore hypothesized
that gene variations likely to affect cell cycle regulation or
genome maintenance could contribute to heterogeneity in
the risk of adverse intestinal reactions in CC patients under-
going RT.

Our DNA typing system (14) classified 27 genes as related
to cell cycle or genome maintenance according to the bio-
logic categories of the Gene Ontology database (15). We se-
lected 206 functional SNPs, coding SNP (cSNP) and
regulatory SNP (rSNP), within or surrounding these 27 can-
didate genes in addition to the previously reported genes in-
cluding CD44, XRCC1, XRCC3, OGGI, and TGFBI for
analysis in this study.

METHODS AND MATERIALS

Study participants

A total of 243 uterine CC patients treated with pelvic RT were
registered from 2001 to 2007 across five collaborating institutions
in Japan: Research Center Hospital for Charged Particle Therapy
National Institute of Radiological Sciences; Tsukuba University
Hospital; Tohoku University Hospital; Toyama University Hospi-
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tal; and Nagoya City University Hospital. The following eligibility
criteria were used in the current survey: patients were required to
have CC as their initial clinical diagnosis and to have been treated
with whole pelvic RT. All study patients and 133 healthy donors
provided written informed consent to participate in the study, which
was approved by the Ethics Committee at the National Institute of
Radiological Sciences and at each collaborating institution. All
identified information was managed at the Medical Information
Processing Office of the Research Center Hospital for Charged Par-
ticle Therapy of the National Institute of Radiological Sciences.

The National Cancer Institute Common Toxicity Criteria, ver-
sion 2, was used to grade EARs of the intestinal tract, namely, fre-
quency of stools/day, and need for parenteral support for
dehydration that developed within 3 months after the initiation of
RT. Definition of grade of diarrhea was as follows: Grade 0,
none; Grade 1, increase of <4 stools/day over pretreatment; Grade
2, increase of 4-6 stools/day; Grade 3, increase of =7 stools/day or
parenteral support for dehydration. Differences in clinical features
such as age at RT, smoking habit, alcohol habit, pathologic diagno-
sis, International Federation of Gynecology and Obstetrics stage,
and treatment modality (Table E1) among the grades of AR were
assessed by p values using the Fisher exact (FE) test, the
Kruskal-Wallis (KW)test, the Mann-Whitney U (MU)test, and the
Cochran-Armitage (CA)test. A p value <0.05 was regarded as sta-
tistically significant.

Candidate genes and SNPs

A total of 27 cell cycle regulation or chromosome-maintenance
genes were selected as candidates for this association study. From
these, 182 functional SNPs, constituting cSNPs and rSNPs localized
within the 3-kb region upstream from each transcription start site,
were selected for analysis. Additionally, 24 SNPs in five genes,
which were previously reported by us (CD44) (14) and by de Ruyck
et al. (TGFB1, XRCCI, XRCC3, and OGGI) (11-13), were
genotyped. Furthermore, 11 intron SNPs (iSNPs) within the NPAT
and ATM genes, which are localized contiguously on chromosome
11922-23, were selected for pairwise linkage disequilibrium (LD)
analysis. Allele and genotype frequencies for each polymorphic
marker were calculated, and nonpolymorphic or rare markers
indicating less than 5% of the minor allele frequency in the CC
patients were excluded from subsequent analyses.

Preparation of genomic DNA and genotyping using the MassAR-
RAY system (Sequenome, San Diego, CA) was performed as pre-
viously described (14, 16).

Allele, genotype, haplotype, and diplotype analyses

Allele and genotype frequencies for each polymorphism were
calculated, and the Hardy-Weinberg equilibrium was evaluated us-
ing the chi-square test among both healthy donors and the total co-
hort of CC patients. Statistical significance and strength of the
associations between grade of EAR of the CC patients and each
SNP or haplotype were assessed using the FE test and odds ratio
(OR), respectively. Distribution of a test statistic was estimated
by evaluating the statistics for a random sampling of 10,000 itera-
tions. These statistical analyses were performed using SNPAlyze
software, version 6.0 (DYNACOM, Chiba, Japan) (17). Pairwise
LD analysis and haplotype/diplotype (a pair of haplotypes) analysis
(expectation-maximization algorithm) were performed using
SNPAlyze, haplo.stats (http://mayoresearch.mayo.edu/mayo/
research/biostat/) (18), Haploview, version 4.2 (http://www.
broadinstitute.org/haploview/haploview) (19), and UCSC Genome
Browser Gateway (http://genome.ucsc.edu/cgi-bin/thateway).

—231—



NPAT-ATM and AURKA and adverse reaction to pelvic RT @ A. IsHIKAWA et al. 3

A multiple logistic regression analysis was used to test for asso-
ciations between diplotypes and EAR. Statistical analyses were car-
ried out using the R software package (http://www.r-project.org/)
. and SAS version 9.2 (SAS Institute Inc, Cary, NC). A p value
<0.05 was regarded as statistically significant.

RESULTS

Clinical factors and adverse reactions

A total of 243 CC patients who received pelvic RT were
initially enrolled for this study. Of those, 35 patients were
initially excluded from the analysis as follows: 26 patients
who underwent hysterectomy before or after RT, 2 patients
with double cancer, 3 patients who had prior/unusual RT, 2
patients treated with intra-arterial chemotherapy, and 2 pa-
tients with poor general condition at RT. The overall distri-
bution of diarrhea in the remaining 208 patients was Grade
0 in 61 patients (29.3%), Grade 1 in 89 (42.8%), Grade 2
in 56 (26.9%), and Grade 3 in 2 patients (1.0%). None of
the clinical factors indicated in Table E1 were identified as
being associated with EAR (p > 0.05, FE, KW, MU, or CA
test). The patients were divided into lower and higher AR
groups for genetic analysis, after no significant differences
in clinical features were found between the two groups
(Table 1).

Allele and genotype frequencies

A total of 206 functional SNP candidates were selected
from 32 genes that are applicable for our typing system
(14, 16). These candidate SNPs were used to genotype the
healthy donors and CC patients. Of these, 162 SNPs that
were nonpolymorphic or showed less than 5% of the

minor allele frequency in the CC patients were excluded
from further analysis. The genotype distributions of the
remaining 44 SNPs within 19 genes were in Hardy-
Weinberg equilibrium in both the patient and control groups.
Finally, 21 cSNPs were selected from the genes AURKA,
BRCAI, CDC25C, CDKNIA, CENPE, ESPLI, NPAT,
OGGI, TP53,XRCCI, XRCC3, and ZNF830, and 23 rSNPs
were chosen from ATM, AURKA, CD44, CDKN3, CENPE,
GADD45A, MAD2L2, NPAT, OGGI, PTTGI, and TGFBI.
Table 2 details the SNP ID and the nucleotide and amino
acid substitutions resulting from the polymorphisms.

Allele and genotype distributions for each SNP were com-
pared between the lower and higher AR groups (Table 3).
Among the 44 SNPs, seven SNPs were statistically signifi-
cant for allelic associations; of those, rs189037 within
NPAT and 12273535 within AURKA fit a recessive model
for genotype testing. When we performed multiple compar-
isons, these seven SNPs were not considered as definitive
positives. Interestingly, however, they localize within two
narrow chromosomal regions: five of the seven associated
SNPs lie between the NPAT-ATM genes, which are 0.5 kb
apart with opposite transcriptional directions on chromo-
some 11q22-23 (20-22), and the other two SNPs lie
within exon 5 of the AURKA gene (NM_198433.1) on
chromosome 20q13. It has been reported that haplotype
analysis increases the statistical power (23-25) and that
genetic analysis of haplotype frequencies enables the
detection of predisposing haplotypes by using SNPs for
which single-locus analysis shows no association (26). We
therefore undertook a haplotype estimation analysis in these
two chromosomal regions.

Table 1. Characteristics of lower and higher AR groups

Characteristic Lower AR group* (n = 150) Higher AR group* (n = 58) Difference (p)

Age at RT (y): median (range) 60 (31-88) 60 (32-77) 0.35 (MU)
Smoking habit 0.70 (FE)

Yes 20 (13%) 10 (17%)

Ever 17 (11%) 5 (9%)

Never 109 (73%) 42 (72%)

Unknown 4 (3%) 1 2%)
FIGO classification 0.29 (FE)

LI 61 (41%) 16 (28%)

11 62 (41%) 32 (55%)

IVA 8 (5%) 3 (5%)

IVB 18 (12%) 7 (12%)

Unknown 1 (1%) 0 (0%)
Treatment 0.76 (FE)

Radiotherapy' 82 (55%) 30 (52%)

Chemoradiation therapy* 68 (45%) 28 (48%)
External beam (Gy) median (range) 50.6 (39.6-70.0) 50.6 (48.6-63.0) 0.84 (MU)
Brachytherapy (Gy) median (range) 24.0 (10.0-54.0) 24.0 (18.0-31.0) 0.84 (MU)

Abbreviations: FIGO = international federation of gynecology and obstetrics; AR = adverse reaction; RT = radiotherapy; MU = mann-

Whitney U test; FE = fisher exact test.
* Lower AR group (Grade =1), higher AR group (Grade =2).

T Radiotherapy consisted of irradiation to the whole pelvis, plus an additional dose to parametria with central shielding, along with '**Ir

high-dose-rate intracavitary brachytherapy.

Patients received radiotherapy (RT) as for the RT group, plus chemotherapy consisting of five administrations of cisplatin (40 mg/m?) at

1-week intervals.
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Table 2. Candidate genes and SNPs for the association study

Amino acid or

Gene Protein name* rsSNP ID Chr RV nucleotide substitution
MAD2L2 Mitotic spindle assembly checkpoint protein MAD2B 15746218 1 CT C-1853T
12233004 1 AG A-803G
12233006 1 AT A-525T
GADDA45A Growth arrest and DNA-damage-inducible, alpha rs581000 1 GC G-612C
CENPE Centromere-associated protein E 1$2276974 4 CT C-191T
1s2615542 4 TC Phel535Leu
rs1381657 4 GC Ser1911Thr
152243682 4 CT Thr2090Met
CDC25C M-phase inducer phosphatase 3 rs3734166 5 TC Cys70Arg
PTTG1 Securin rs3811999 5 CT C-1993T
rs2910199 5 GA G-1785A
151862392 5 TA T-672A
rs1862391 5 AC A-398C
CDKNI1A Cyclin-dependent kinase inhibitor 1 (p21) rs1801270 6 CA Ser31Arg
NPAT Protein NPAT rs625120 11 CT C-1855T
rs189037 11 CT C-468T
rs4144901 11 AT Leu540Phe
rs2070661 11 AG Tle575Val
ATM * Serine-protein kinase ATM rs183460 11 CA C-2849A
rs228589 11 TA T-351A
ESPL1 Separin (Separase) rs1318648 12 AC Arg614Ser
1517125266 12 GA Met6931le
CDKN3 Cyclin-dependent kinase inhibitor 3 rs2884513 14 GA G-1323A
12235961 14 AG A-96G
TP53 Cellular tumor antigen p53 (Tumor suppressor p53) 151042522 17 GC Arg72Pro
ZNF830 Zinc finger protein 830 1s931196 17 GT GIn9%9His
(Coiled-coil domain-containing protein 16) 183744355 17 GC Ser154Thr
BRCALI Breast cancer type 1 susceptibility protein 15799917 17 CT Pro871Leu
1s16941 17 AG Glul038Gly
1$16942 17 AG Lys1183Arg
1$1799966 17 AG Ser1613Gly
AURKA Aurora kinase A 152236208 20 AG A-542G
(Serine/threonine-protein kinase 6) 1s2236207 20 CT C-214T
152273535 20 AT Ile31Phe
151047972 20 GA Val571le
0GGl1 N-glycosylase/DNA lyase rs159153 3 TC T-1753C
rs1052133 3 CG Ser326Cys
CDh44 CD44 antigen 1s1425802 11 TC T-2016C
1s60760313 11 GA G-1967A
XRCC3 DNA repair protein XRCC3 1s861539 14 CT Thr241Met
TGFB1 Transforming growth factor beta-1 rs1800469 19 CT C-465T
XRCC1 DNA repair protein XRCC1 rs3810378 19 CG C-1871G
1s2682585 19 CT C-1558T
1525487 19 GA Arg399GIn

Abbreviations: rsSNP = reference single nucleotide polymorphisms; ID = identifier; Chr = chromosome; R = reference allele; V = variant

allele.
* UniProtKB/Swiss-Prot database (www.Uniprot.org).

Association between haplotypes in NPAT-ATM and the risk
of EAR

The LDs among the 17 SNPs in the NPAT-ATM region
were measured by D’ and 7 using the allele frequency
data from the CC patients, and LD maps were constructed
(Fig. E1). The D’ estimates of LD revealed a major haplo-
type block covering all of the SNPs in NPAT-ATM and
thus spanning approximately 200 kb of chromosome 11.
The HapMap constructed from the healthy donor data (27)
also showed that the NPAT and ATM genes lie within a large
single LD block in HAN Chinese/Japanese and Caucasian
populations (Fig. E1 C and D). We analyzed 13 c¢SNPs in

NPAT and 33 cSNPs in ATM, which together span almost
all of the 200-kb region; however, 44 of these 46 cSNPs
were not polymorphic in the CC patients or in our 133 Jap-
anese healthy donors (data not shown). Indeed, only one of
the two remaining cSNPs, rs2070661, showed a polymorphic
association (Table 3).

Interestingly, the four other risk-associated SNPs on chro-
mosome 11 are localized in the putative promoter region of
the two genes with opposite transcriptional directions. We
had initially estimated haplotypes comprising five SNPs in-
cluding one cSNP, rs2070661 (Ile575Val), and four rSNPs
(rs625120, rs189037, rs228589, and rs183460) localized in
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homozygous of V;

Recessive model
OR (95% CI)
1.2 (0.25-3.3)

p
0.72
0.76
0.84

0.88
heterozygous; VV

Dominant model

OR (95% CI)
1.2 (0.62-2.1)
1.2 (0.49-2.4)
1.1 (0.59-2.0)

0.95 (0.44-1.9)
homozygous of R, RV

Higher
AR group
15/27116
29/23/6
46/12/0
31/22/5
variant; RR

Genotype (RR/RV/VV)

Lower
AR group
35/81/34
80/58/12
122/28/0
83/55/12

14
091
0.63
0.72

0.81
identifier; R = reference allele; V

insufficient sample size to perform calculation; AR = adverse reaction. .
Statistical significance and the strength of the associations were assessed using Fisher exact test. The OR and 95% CI of the OR was calculated by bootstrap method (10,000).

OR (95% CI)
.1 (0.68-1.6)
.2 (0.71-1.8)
.2 (0.49-2.2)
.1(0.64-1.7)

1
1
1
1

Table 3. Association of SNPs between lower and higher AR groups (Continued)
Allele (R/V)

Higher
AR group
57159
81/35
104/12
84/32

Lower
AR group

151/149
218/82

272/28
221779

rs1800469
rs3810378
rs2682585
1s25487

rsSNP ID

Abbreviations: rsSNP = reference single nucleotide polymorphisms; ID
odds ratio; CI = confidence interval; NC

Gene(s)
TGFB1
XRCC1

OR
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this same region. However, because adding rs2070661
(Ile575Val) to the haplotype construction did not affect the
frequencies of the estimated haplotypes in both AR groups,
further haplotype analyses focused only on the remaining
four rSNPs.

Haplotypes showing a possible risk of AR and the effect of
each haplotype are presented in Table 4. The estimated four
major haplotypes cover 99.3% of the chromosomes in the
CC group, and the association analysis implicated haplotype
2 (H2) in the NPAT-ATM region in significantly increasing
the risk of EAR compared with the other haplotypes
(OR = 1.86; 95% CI, 1.21-2.87).

The estimated diplotype frequencies of H2 were also com-
pared between the lower and higher AR groups (Table 5).
The risk of EAR was significantly higher in CC patients
with two H2 types than in those with no or one H2 type
(OR =2.81; 95% ClI, 1.26-5.50).

Association between haplotypes in AURKA and
the risk of EAR

Figure E2 shows a graphic representation of LDs in
AURKA using both D’ and 7°. A lower LD was observed
with the combination of rs2273535 (Ile31Phe) and
rs1047972 (Val571le) in our CC patients, Han Chinese/Jap-
anese, and Caucasian populations (the HapMap data).

Haplotype analysis using the haplo.stat program revealed
three haplotypes covering almost 100% of the chromosomes
in the CC group (Table 4). Haplotype 1 (H1) in AURKA sig-
nificantly increased the risk of EAR compared with the other
haplotypes (OR = 1.75; 95% CI, 1.10-2.78), and haplotype 3
(H3) significantly decreased the risk of EAR (OR = 0.42;
95% CI, 0.20-0.89). Therefore, CC patients with H1 have
a significantly greater risk of EAR than do those with H3
(OR = 2.60; 95% CI, 1.19-6.30).

Estimated diplotype frequencies for H1 and H3 were com-
pared between the lower and higher AR groups (Table 5).
The risk of EAR was significantly greater in the patients
with one or two HI types than in those with no H1 type
(OR =5.57;95% CI, 2.17-17.99). Diplotypes of H3 showed
no statistically significant association with risk of EAR in
CC patients; presumably the H3 type carried a low fre-
quency.

Combined effects of the diplotypes of NPAT-ATM and
AURKA on the risk of EAR

The possibility of combined effects of the diplotypes of
NPAT-ATM and AURKA were tested by multiple logistic re-
gression analysis. Individuals with both risk diplotypes had
a significantly increased risk of EAR than did those individ-
uals with other diplotypes (OR = 3.24; 95% CI, 1.52-6.92;
Table 6).

DISCUSSION

To our knowledge, this study is the first demonstration of
genetic association between variants in NPAT-ATM and
AURKA and risk of an early adverse intestinal reaction in
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Table 4. Estimated haplotypes and frequency of haplotypes and association with risk of early adverse reaction

Estimated frequency (%)*

Lower Higher Permutation
Gene Haplotype SNP Pool AR group AR group OR (95% CI) p-value (10,000)
1s625120 rs189037 rs228589 rs183460
NPAT-ATM HI1 T C T T 48.1 51.0 40.5 0.65 (0.42-1.01) 0.064
H2 C T A G 41.6 37.3 52.6 1.86 (1.21-2.87) 0.005
H3 C C A G 8.2 8.7 6.9 0.78 (0.34-1.78) 0.686
H4 T T A G 14 2.0 0.0 NC 0.192
152273535 151047972
AURKA H1 A G 62.5 59.0 71.6 1.75 (1.10-2.78) 0.020
H2 T G 233 24.3 20.7 0.81 (0.48-1.37) 0.517
H3 T A 14.2 16.7 7.8 0.42 (0.20-0.89) 0.020

Abbreviations: OR = odds ratio; CI = confidence interval; NC = insufficient sample size to perform calculation; AR = adverse reaction.

* Haplotypes observed with >1% frequency in pool.

CC patients who have undergone RT. Detection of multiple
SNPs in two chromosomal loci associated with increased
risk allowed us to estimate haplotype and related diplotype
frequencies in the lower and higher AR groups. Each risk
diplotype of the NPAT-ATM and AURKA genes indepen-
dently contributed to that risk.

Meanwhile, 7 of 24 patients in the lower AR group with
neither risk diplotype of NPAT-ATM and AURKA carried in-
stead the reduced risk type of AURKA (H3/H3 diplotype),
whereas no patients in the higher AR group had the H3/H3
diplotype of AURKA. Taken together, these data suggested
that CC patients could be stratified with respect to risk of
EAR after RT by different NPAT-ATM and AURKA genotype
combinations.

In this study, we hypothesized that variations in the genes
related to cell cycle regulation or genome maintenance could
contribute to heterogeneity in the risk of adverse intestinal
reactions to RT, and we identified risk-associated SNPs in
NPAT-ATM and AURKA. However, we found no significant
association between the SNPs in MAD2L2, PTTGI,
RAD9A, or LIG3 (14) and the risk of EAR. Moreover,
SNPs in CD44 that were also identified in our previous study

(14) and classified into the inflammatory response category
were not associated with a risk of an adverse intestinal reac-
tion (Table 3). Collectively, these data could indicate that
variations in genes associated with the risk of radiation in-
juries are expressed phenotypically in a tissue-specific man-
ner.

NPAT has been functionally implicated in progression
through the G1 and S phases of the cell cycle and for S phase
entry (28, 29). In this study, a haplotype comprising four
SNPs upstream of and in the first intron of NPAT,
1s625120 (C-1855T), rs189037 (C-468T), rs228589 (in the
first intron of NPAT), and rs183460 (in the first intron of
NPAT) was significantly associated with an increased risk
of AR. In silico analysis indicated that the transcriptional
regulator of the adaptive response to hypoxia, hypoxia-
inducible factor 1 beta (HIF-1 beta), could bind to a six-
base sequence containing the T-468 allele (rs189037) but
not to the C-468 allele-containing sequence (30). HIF-1 is
known to activate the transcription of genes involved in
such functions as cell survival, cell proliferation, drug resis-
tance, nucleotide metabolism, and glucose metabolism un-
der hypoxic conditions (31). It is therefore possible that

Table 5. Estimated frequency of diplotypes and association with risk of early adverse reaction

Estimated frequency (%)

Dominant model Recessive model

Lower Higher
Gene Diplotype Pool AR group AR group OR (95%CI) p OR (95%CI) P
NPAT-ATM -/- 36.1 40.0 259
H2/- 447 453 43.1 2.08 (1.00-4.05) 0.076 2.81 (1.26-5.50) 0.010
H2/H2 19.2 14.7 31.0
AURKA -/- 149 19.3 34
H1/- 45.2 433 50.0 5.57 (2.17-17.99) 0.004 1.39 (0.78-2.75) 0.269
H1/H1 39.9 373 46.6
-/- 75.5 72.0 84.5
H3/- 20.7 22.7 15.5 0.50 (0.18-0.97) 0.073 NC 0.109
H3/H3 3.8 53 0.0

Abbreviations: OR = odds ratio; CI = confidence interval; NC = insufficient sample size to perform calculation; AR = adverse reaction.
Statistical significance and the strength of the associations were assessed using the Fisher exact test. The OR and 95% CI of the OR was

calculated by the bootstrap method (10,000).
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