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Figure®: (a, b) Thin-section CT scans ina 59-year-old man (case 7) with IgG4-related lung disease show
honeycombing in both lower lobes (black arrows). Bronchiectasis is also observed in both lower lobes (white
arraws). Diffuse GGOs are found in both middie and lower lobes.

Figure7.
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Figure7: (a, b) Thin-section CT scans in a 59-year-old man {case 9) with IgG4-related disease demon-
strate thickening of bronchovascular bundies of the right fung (white arrows). Mild thickening of the interlobu-
lar septa is also noted (black arrows).

On the basis of the radiologic and
pathologic correlations, IgG4-related
lung disease could be interpreted as an
inflammatory lesion distributed along
the intrapulmonary connective tissue,
including alveolar interstitium, inter-
lobular septa, and bronchovascular
bundles. Interestingly, this distribu-
tion is closely related to the pulmonary
lymphatic system. Lymphatic vessels
distribute around bronchus and bron-
chiole and within interlobular septa
and pleura. Centrilobular small nod-
ules probably relate to hypertrophy of
mucosa-associated lymphoid tissue. In
addition, six of 13 patients (46%) had
enlargement of the hilar or mediasti-
num lymph nodes. Hitherto, epithelial
cells of ducts or glands had been sur-
mised to be targets of IgG4-related
diseases (4) because most IgG4-re-
lated diseases occur in glandular or-
gans. However, IgG4-related.diseases
can also occur in nonglandular tissues
or organs (6,17). Recently, we re-
vealed that IgG4-related disease could
occur in arteries and manifest as an-
eurysms or periarterial mass lesions
(7,18). Those arterial lesions patho-
logically consisted of diffuse inflamma-
tory cell infiltration in the adventitia
(7,18). Lymphatic vessels distribute in
the arterial adventitia. IgG4-related
disease could also be related to the
lymphatic system in the pulmonary
and extrapulmonary organs.

The serum IgG4 concentration is the
most sensitive and specific laboratory test
for the diagnosis of IgG4-related disease
(1,2,19). Determining situations in which
we should test serum 1gG4 levels is an
unresolved and clinically important issue.
First, IgG4-related lung disease should be
suspected when patients have IgG4-
related diseases in extrapulmonary or-
gans such as autoimmune pancreatitis,
cholangitis, sialadenitis, or retroperito-
neal fibrosis. In addition, we would rec-
ommend testing serum IgG4 concentra-
tion in adult patients showing complex
radiologic findings, especially in multiple
lobes. In this study, nine of 13 patients
(69%) had more than three radiologic
findings, including GGO, nodules, and
thickening of bronchovascular bundles
and interlobular septa.
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a.
Figure 8:

(a, b) Thin-section CT scans in a 53-year-old woman (case 11) with IgG4-related lung disease
reveal multiple small nodules in both lungs {white arrows). These nodules distribute in the centrilobular areas.
Mild interlobutar septal thickening is also identified (black arrows).

b.

IgG4-related disease is a recently des-
ignated disease entity but is thought to
have existed since early times, because
there have been several case reports de-
scribing pathologically similar findings
(2,20,21). We speculate that IgG4-re-
lated lung disease might have been over-
looked or called by other names such as
inflammatory pseudotumor (13). In addi-
tion, this disease might be misdiagnosed
as sarcoidosis, because IgG4-related dis-
eases are commonly associated with hilar
lymph node swelling (22). Interestingly,
67% of patients with autoimmune pan-
creatitis had marked hilar galllum-67 ac-
cumulation (22). Identification of epithe-
lioid granuloma is important for this dis-
crimination. IgG4-related lung disease
also should be differentiated from
multicentric Castleman disease. Ra-
diologic findings of the bronchovascu-
lar type of IgG4-related disease may
resemble those of multicentric Castle-
man disease (23). In addition, lymph
nodes obtained from patients with
IgG4-related disease frequently show
Castleman-like lymphadenopathy, as
in our case 12,

Irrespective of the affected organ,
IgG4-related diseases are pathologically
characterized by diffuse lymphoplasma-

cytic infiltration, fibrosis, and occasional
eosinophilic infiltration (3,4,24). Immu-
nostaining of IgG4 reveals numerous
IgG4-positive plasma cells within the le-
sion. Most cases have obliterative phlebi-
tis, although this could not be identified in
a small number of cases (25). In addition,
pulmonary lesions in patients with 1gG4-
related disease demonstrated obliterative
arteritis in association with inflammatory
cell infiltration (18). This finding of oblit-
erative arteritis is identified only in pul-
monary lesions among IgG4-related dis-
eases (18). In the surgically resected
specimen, we can easily diagnose gG4-
related lung disease on the basis of rou-
tine stainings and immunostaining of
1gG4. However, particular attention is
needed when we diagnose IgG4-related
lung disease only on the basis of biopsy
specimens alone, because, rarely, IgG4-
positive plasma cells focally accumulate in
other diseases. Some cases of pulmonary
abscess or Wegener granulomatosis
show focal accumulation of IgG4-positive
plasma cells. Infiltration of IgG4-positive
plasma cells was not diffuse in those
cases. In addition; histologic features at
hematoxylin-eosin staining were different
from those of IgG4-related disease, be-
cause necrosis and granulomatous inflam-

mation are usually not observed in IgG4-
related disease.

There are a few reports about the re-
sponse to steroid therapy in patients with
IgG4-related lung disease (11,12,14). Tan-
iguchi et al (12) first, to our knowledge,
reported a patient with IgG4-related lung
disease, who was found to have intersti-
tial pneumonia of the bilateral lower lung
fields during medical follow-up for auto-
immune pancreatitis. Corticosteroid
therapy for 2 weeks markedly improved
the pancreatitis and also the interstitial
pneumonia. Subsequently, Hirano et al
(14) reported three cases with pulmonary
lesions associated with autoimmmune pan-
creatitis treated with steroid therapy, and
two of them showed good response to
steroid therapy. Recently, Kobayashi et al
(11) reported a case of IgG4-related pul-
monary disease treated with cyclosporine
because of poor response to steroid ther-
apy. It is an important issue whether ste-
roid therapy will improve the clinical
symptoms and radiologic abnormalities in
patients with IgG4-related lung disease.
The natural course of IgG4-related lung
disease is also unknown. We could not
perform serial studies without steroid
therapy or a surgical procedure, so we
cannot discuss how abnormalities evolve
as a natural course. However, one case in
this study showed interesting course. Ra-
diologic abnormalities of the lung in this
patient were spontaneously improved at
once (at this time, the diagnosis of IgG4-
related disease was not made) and re-
lapsed 18 months after. Radiologic find-
ings of the lung were very similar to those
seen on the initial CT image. At the time
of recurrence, pancreas and renal lesions
became apparent. Steroid therapy im-
proved all abnormalities, including the
lung. Natural course and evolvement of
IgG4-related lung disease are also consid-
ered an important issue. Further exami-
nations that include follow-up records will
be needed to discuss these issues.

This study had a few limitations. Be-
cause of the retrospective and multi-
institutional nature of the study, the CT
scanners and CT protocols were inconsis-
tent. Therefore, thin-section CT images
were obtained in only focused areas
such as large nodules in some cases. If
CT images had been obtained with thin

268

radiology.rsnajnis.org = Radiology: Volume 251: Number 1—Aprit 2009



THORAGIC IMAGING: Immunoglobulin G4-related Lung Disease

fnoug etal

collimation through all lung zones, more
small lesions might have been revealed.
In some cases, pulmonary pathologic
specimens and serum markers such as
serum IgG4 concentrations were not
available. Finally, we could not analyze
follow-up images. Therefore, we cannot

“Figure 9

€.

f.
Figure9: Histologic findings corresponding to radiologic abnormalities. (a) Inflammatory process ex-

discuss the natural course or response
to corticosteroid therapy.

In conclusion, the major CT findings
of IgG4-related lung disease are GGO,
thickening of bronchovascular bundles
and interlobular septa, bronchiectasia,
and a solitary large nodular lesion that

tends along alveolar interstitium or interiobular septa (arrow). These findings corresponded to spiculation or
GGO around the large nodule at CT. (b) Inflammatory cell infiltration and fibrosis are observed around bron-
chioles (arrows) and were depicted as thickening of bronchovascular bundles at GT. (¢} Histologic specimen
fromGGO at CT. Lymphocytes and plasma cells infiltrate in alveolar interstitium. (d) Subpleural area shows
honeycombing change (arrow). {e) Lymphoplasmacytic infiltration in the bronchial wall. (f) Interiobular septa
shows fibrous thickening with inflammatory cell infiltration (arrow). These histologic findings were depicted
asthickening of interlobular septa at CT. (Hematoxylin-eosin stain; original magnification ina, b, e, and

f, X40;inc, x100;andind, x20.)

includes a mass. Four categories of
IgG4-related lung disease could thus be
defined. Pathologically, these findings
corresponded to IgG4-related scleros-
ing inflammation along the entire in-
trapulmonary connective tissue.
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Abstract

Purpose. The aim of this study was to clarify the useful-
ness of the isocenter puncture (ISOP) method.
Materials and methods. We investigated 73 vertebral
bodies that had undergone percutaneous vertebroplasty
(PVP) by the ISOP method, 118 vertebral bodies that
had undergone the puncture simulation method, and 33
vertebral bodies that had undergone the conventional
method. The items to be examined included the success
rate (SR) of the median puncture of the vertebral body
and the procedure time, The puncture accuracy and fluo-
roscopy time were also measured for the ISOP method.
Results. The SR was significantly higher and the proce-
dure time significantly shorter when using the ISOP
method rather than the conventional method. However,
no significant differences were observed between the
ISOP method and the puncture simulation method. The
errors between the puncture needle tip and the puncture
target point in the ISOP method were an average of 1.52,
2.08, and 1.87mm in each of the horizontal, ventrodor-
sal, and craniocaudal directions. The fluoroscopy time
when operating on one vertebral body was an average
of 5.8 min.

Conclusion. The ISOP method is considered to be a
useful approach while also reducing the puncture time
and the fluoroscopy time.
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Introduction

Percutaneous vertebroplasty (PVP), a rapidly acting
treatment for pain caused by a compressed fracture of
the vertebral body, is increasingly being used worldwide.
PVP is generally performed using a C-arm radiographic
system and puncturing the vertebral arch pedicle percu-
taneously under X-ray fluoroscopy. The puncture
approach includes both the unilateral and bilateral
transpedicular approaches. The unilateral transpedicular
approach is relatively difficult to perform as it requires
advancing the tip of a puncture needle to the midline of
the vertebral body. Therefore, some institutions use the
bilateral transpedicular approach. However, the unilat-
eral transpedicular approach may decrease the number
of punctures required during such surgery."?

We have therefore developed an isocenter puncture
(ISOP) method®, which is a puncture support method
for the unilateral transpedicular approach. The ISOP
method allows pinpoint targeting and . puncturing of
a target within the vertebral body under X-ray
fluoroscopy.

We herein describe the results of PVP using the ISOP
method and compare the findings with those achieved
with the puncture simulation method® using the punc-
ture angle measured by the preoperative CT examina-
tion and those by the conventional puncture method, as
a historical control, while also examining the usefulness
of the ISOP method.
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Materials and methods

This study was approved by the ethics committee at our
institution.

ISOP method concept and procedures

The isocenter of the C-arm radiographic system is the
center of the radiation field and the center of the C-arm
rotation. Therefore, regardless of how the C-arm rotates,
the isocenter always remains at the center of the radia-
tion field and the center of the monitor screen. The ISOP
method applies this principle, and therefore adjusting
the puncture target to the position of the isocenter
becomes essential with this method. For this purpose, we
created a black dot-like isocenter marker (ICM; Toshiba
Medical, Tokyo, Japan), which is constantly illuminated
at the center of the fluoroscopic monitor screen (Fig. 1).2
We set the anterior one-third median site of the vertebral
body as a target point.

The procedures of the ISOP method start with posi-
tioning the puncture target point at the isocenter. The
first step is a frontal view on the fluoroscopic monitor.

Fig. 2. Positioning. a In the
frontal view, the ICM is
aligned with the median of
the vertebral body. b In the
lateral view, the ICM is
aligned with the anterior
one-third median site of

the vertebral body. ¢ The
C-arm is moved in a three-
dimensional manner so the
ICM is aligned with the
center of the shadow of the
vertebral arch pedicle. d The
shadow of the puncture
needle becomes a dotted line
and is aligned with the ICM

The examining table is moved as necessary to align it
with the median of the vertebral body with the ICM
(Fig. 2a). Next, the lateral view is used with the C-arm
tilted 90° for guidance. The examining table is moved so
that the anterior one-third median site of the vertebral

Fig. 1. Isocenter marker (ICM)




72

Radiat Med (2008) 26:70-75

body is aligned with the ICM (Fig. 2b). After carrying
out these steps, the positioning of the isocenter marker
in regard to the patient’s position is completed. Con-
sequently, regardless of how the C-arm rotates, the
puncture target point is now aligned with the ICM at
all times.

Next, the direction of the puncture direction is
determined by rotating the C-arm in a three-dimensional
manner so the ICM overlaps the center of the pediculus
arcus vertebral image (Fig. 2c). With this step, the punc-
ture direction is determined under fluoroscopy.

After confirming the cutaneous puncture site on the
skin and administering local anesthesia, the puncture is
performed while maintaining the puncture direction so
the puncture needle overlaps the ICM in a point-like
manner under fluoroscopy (Fig. 2d). When the needle
reaches a depth of 1-2cm in the vertebral arch pedicle,
and the assistance of the needle is thus no longer required,
the monitor is switched to the lateral fluoroscopic image,
and the puncture needle is moved forward until the
needle tip reaches the ICM (Fig. 3a). When moving the

Fig. 3. Verification.

a Lateral view: the puncture
needle tip overlaps the ICM.
b Frontal view: the puncture
needle tip overlaps the ICM

Table 1. Summary of patients

needle forward, a hammer is used as required. After the
puncture needle tip has reached the ICM in the lateral
image, the monitor is returned to the frontal fluoro-
scopic image to confirm that the puncture needle tip is
aligned with the ICM (Fig. 3b), thereby completing the
puncture by the ISOP method.

Materials

A total of 122 patients (224 vertebral bodies) underwent
fluoroscopic PVP. They were then divided into three
groups. Table 1 represents the characteristics of those
groups. The first (group A) comprised 41 patients (73
vertebral bodies) who had undergone PVP by the ISOP
method from January 2006 to March 2007. The second
group (group B) comprised 58 patients (118 vertebral
bodies) who had undergone PVP by the puncture simu-
lation method from September 2004 to January 2006.
The third group (group C) comprised 23 patients (33
vertebral bodies) who had undergone PVP without using
the ICM from June 2002 to May 2004.

ISOP method Puncture simulation Conventional method
Characteristic (group A) (group B) (group C)
Cases (vertebrae) 41 (73) 58 (118) 23 (33)
Male/female 8/33 11/47 9/14
Age (years), average/range 68.3/37-90 67.2/33-91 73.9/30-87

Location (case) Th7 (1), Th8 (2), Th10 (3),
Th1l (2), Th12 (12), L1

(18), L2 (14), L3 (10),

L4 (9),L5(2)
Underlying disease (cases/vertebrae)
Osteoporosis 34/58
Bone metastasis 7115

Multiple myeloma

ThS (1), Th6 (3), Th7 (2), ThS (6),
ThY (8), Th10 (4), Thll (10),
Th12 (14), L1 (12), L2 (16),

L3 (18), L4 (18), L5 (6)

Th8 (2), Thll (1), Th12 (4),
L1 (4), L2 (6), L3 (4),
L4 (5), LS (7)

45/81
13/37

11/15
11717
1”71
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Methods

For all groups, we measured the success rate of the
median puncture of the vertebral body (SR)" and the
time required to perform a needle puncture successfully.
The SR was evaluated by three radiologists during the
procedure. It was judged by macroscopic evaluation of
whether the needle tip reached the median of the verte-
bral body and by objective evaluation of whether the
bone cement was distributed beyond the median of the
vertebral body. These evaluations were done by using
examples from previous observations of Kim et al.' For
cases of failure, puncture was performed from the oppo-
site side or from the same side after removing the needle.
Fisher’s exact test was used to evaluate all groups.

The procedure time for needle puncture was defined
from the start of the positioning to puncture completion.
The procedure time for needle puncture did not include
the time needed to prepare the bone cement or the time
needed to inject the cement. For a comparison of the
puncture time, Mann-Whitney’s U-test was used.

In group A, the puncture error, fluoroscopy time,
and adverse events were further examined. Because the
puncture target point with the ISOP method is deter-
mined by the operator’s visual estimation during the
procedure, it is not necessarily the anterior one-third
median site of the vertebral body. When the patient is
moved after the puncture direction is determined, a
slight misalignment is likely to occur between the punc-
ture target point and the ICM. Therefore, to evaluate
the puncture error in the ISOP method, we verified
where the puncture needle tip is located on the image
obtained before the cement injection and measured the
positional error between the puncture needle tip and
the ideal puncture target point. For the error between
the puncture needle tip and the ideal puncture target
point, we measured the lateral direction of the axis in
the frontal view and the craniocaudal direction of the
axis in the lateral view.

For the fluoroscopy time during the procedure, the
time between the positioning and rotation digital angi-
ography immediately after the procedure was thus mea-
sured. The examination of adverse events was based on
their presence or absence during the procedure.

A single plane C-arm of Infinix celeve VC (Toshiba
Medical) was used for X-ray fluoroscopy. The puncture
needle, an osteo-site bone biopsy needle (13 gauge,
15cm; Cook, Spencer, IN, USA) was used. For injecting
the cement preparation, Osteoject (Integra Neuro-
Science, Plainsboro, NJ, USA) was used. PMMA (poly-
methylmethacrylate) was the bone cement, which was
prepared by mixing 20g of PMMA with 6 g of sterilized
barium sulfate.

Table 2. Success rate ratio

Group SR Non-SR Total
A 72 1 73
B 110 8 118
C 19 14 33
Total 201 23 224

SR, success rate

Results

Success rate of the median puncture of the
vertebral body

The success rate (SR) for median puncture of the
vertebral body was 98.6% (72/73) in group A, 93.2%
(110/118) in group B, and 58% (19/33) in group C
(Table 2). No significant differences were observed
between groups A and B (P = 0.15). When comparing
groups A and C, the SR was significantly higher in group
A (P <0.05).

In cases where a median puncture could not be suc-
cessfully performed, either additional punctures were
attempted from the opposite side or the same puncture
was repeated. In all cases, satisfactory cement distri-
bution to the lateral regions crossing the median was
ultimately obtained.

Procedure time

The average procedure time for needle puncture for one
vertebral body was 9.3 = 3.8min in group A, 11.2 +
4.6min in group B, and 30.9 + 11.2min in group C.
No significant differences between groups A and B
were observed regarding the puncture time (P = 0.22);
however, the time was significantly shorter between
groups A and C (P < 0.01).

Positional relation between the ideal puncture target
point and the puncture needle tip—ISOP method

The average error in the horizontal direction was 1.52 +
1.31mm (maximum 5.92mm), the average error in the
ventrodorsal direction was 2.08 = 1.50mm (maximum
6.41mm), and the average error in the craniocaudal
direction was 1.87 + 1.43mm (maximum 5.81 mm).
Figure 4 shows the positional relation between the ideal
puncture target point and the puncture needle tip to each
axis. As shown in Fig. 4b, we detected a tendency for the
puncture needle tip to go slightly deeper toward the
abdominal side of the vertebral body.
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Fluoroscopy time during the procedure—ISOP method

In group A, the average fluoroscopy times during the
procedure were 5.8 + 0.9min for 23 cases of operating
on one vertebral body, 8.97 £ 3.79min for 8 cases of
operating on two vertebral bodies, 9.33 £ 3.79min for
4 cases of operating on three vertebral bodies, and
11.8 £ 2.83min for 6 cases of operating on four vertebral
bodies.

Adverse events—ISOP method

Two patients in group A had a fever after the procedure.
Although the hospitalization period of these patients
was extended by approximately 1 week, the symptoms
were alleviated by antibiotic administration. No
technique-related complications were observed.

Discussion

There have been only a few reported evaluations of PVP
procedures, and most of them reported on cement dis-
tribution and leakage."® Many institutions select PVP
using the bilateral transpedicular approach, thus expect-
ing an even cement distribution within the vertebral
body. Kim et al.' noted that if the unilateral transpedicu-
lar approach can achieve cement distribution across the
median there are no differences in treatment effects com-
pared to the bilateral transpedicular approach. In our
examination, it was confirmed that by using the ISOP
method the PVP success rate was 98.6%, and that even
with the unilateral vertebral transpedicular approach
bilateral cement distribution can be achieved if puncture
is successfully performed with a target point of the ante-
rior one-third median site of the vertebral body.

-

In group A, puncture had to be repeated in one case.
In this case, it was attributed to body movement after
positioning, whereby the ICM was misaligned from the
puncture target point during the puncture. In this case,
the ISOP method was applied again after removing the
puncture needle. Favorable treatment effects were then
obtained.

The puncture times were significantly shorter in group
A than in group C, suggesting that the ISOP method
contributes to a reduction of the puncture time in
comparison to the conventional method.

In our hospital, before introducing the ISOP method,
PVP had been implemented using the puncture simula-
tion method.” With both the ISOP method and the
puncture simulation method, there were no significant
differences in the SR or the puncture time. Based on the
above results, we speculate that no substantial differ-
ences exist between the ISOP method and the puncture
simulation method. However, the puncture simulation
method requires a preoperative CT examination and
measurement of the puncture angle. Considering the
labor hours and complexity, it is obvious that the ISOP
method is a simpler, more useful puncture method.

Puncture accuracy in the ISOP method was an average
of 2mm in each of the horizontal, ventrodorsal, and
craniocaudal directions. With this examination, except
for case in which a second puncture was required owing
to the patient’s body movement (group A), the puncture
needle tip reached the ICM in all cases, which is thus
regarded as high puncture accuracy.

Reports on the amount of exposure and fluoroscopy
time in the PVP are scarce.'®"? Komemushi et al. have
performed PVP by using the IVR-CT system and
reported that the fluoroscopy time was 6.66 + 2.45min."
We used only a fluoroscopy device. The average fluoros-
copy time for one vertebral body was 5.8 + 0.9min,
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which was short, on average. In addition, Mehdizade
et al. reported that the PVP fluoroscopy time under
fluoroscopy was 10-60min."’ Compared to these reports,
PVP under fluoroscopy by means of the ISOP method
is believed to contribute to a significant reduction in the
fluoroscopy time.

Conclusion

Compared to the conventional method, the ISOP method
is thought to be a useful approach as it improves the
PVP completion rate by using the unilateral vertebral
arch pedicle approach; it also reduces the puncture time
and fluoroscopy time. Thus, we speculate that the ISOP
method is a more convenient technique than the punc-
ture simulation method.
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Background: The safety and efficacy of percutaneous vertebroplasty (PVP), anew treatmient modality for painful maligriant
vertebral compression fractures (PMVCF) using interventional radiology techniques, were evaluated prospectively.
Materials and methods: After confirming the absence of safety issues in phase 1, a total of 33 cases were registered
up to and including phase 2. Safety and efficacy were evaluated by National Cancer Institute—Common Toxicity Criteria
version 2 and Visual Analogue Scale (VAS) at 1 week after PVP. Based on VAS score decreases, efficacy was classified
into significantly effective (SE; 25 or reached 0-2), moderately effective (ME; 2-4), or ineffective (NE; <2 or increase).
Results: Procedures were completed in all 33 patients (42 vertebrae). Thirty days after PVP, two patients died of
primary disease progression, but no major adverse reactions (>grade 2) were observed. Response rate was 70% (95%
confidence interval 54% to 83%) [61% (n = 20) with SE, 9% (n = 3) with ME, and 30% (7 = 10) with NE] and increased
to 83% at week 4. Median time to response was 1 day {mean 2.4). Median pain-mitigated survival period was 73 days.
Conclusion: For PMVCF, PVP is a safe and effective treatment modality with immediate onset of action.

Key words: percutaneous vertebroplasty, interventional radiology, pain relief, vertebral metastasis, percutaneous

cement plasty

introduction

The pain relief of painful malignant vertebral compression
fractures (PMVCEF) is one of the key elements for achieving
better quality of life in patients under palliative care. The
mainstay for pain relief is pharmacological therapy such as with
nonsteroidal anti-inflammatory drugs (NSAIDs) and opioids,
and if patients are not responsive to these agents or have pain
upon body movement, radiotherapy is administered. However,
despite being a noninvasive therapeutic modality, radiotherapy
is less than ideal because it requires 2—4 weeks to obtain

a therapeutic effect and does not achieve complete pain relief in
most cases [1, 2].

Since the report of percutaneous vertebroplasty (PVP) by
Galibert et al. [3], in 1987, the technique has been widely
reported [4-10]. These reports indicate that it is highly effective
for prompt pain relief for metastatic vertebral tumors from any
primary sites. On the other hand, severe, albeit rare,

*Correspondence to: Dr T. Kobayashi, Department of Diagnostic and interventional
Radiology, Ishikawa Prefectual Central Hospital, Kuratsukihigashi 2-1, Kanazawa-shi,
Ishikawa Prefecture, 920-8530, Japan. Tel: +81-76-237-8211; Fax: +81-76-238-2337;
E-mail: kobaken@ipch.jp

complications such as pulmonary embolism, cerebral
infarction, cardiogenic shock, and spinal cord injury due to
leakage of cement into the spinal canal have also been
documented [11-13]. All these reports, however, have been
retrospective in nature, and to our knowledge, no study has yet
prospectively investigated the safety and therapeutic effect of
this modality. Although it cannot be excluded that severe
complications may very rarely occur, to minimize the frequency
of reported complications, it is important to evaluate in

a prospective study whether this procedure can be carried out
safely when conducted by trained interventional radiologists for
clearly defined indications.

Therefore, we undertook a phase I/II multi-institutional
prospective study of PVP as Japan Interventional Radiology in
Oncology Study Group (JIVROSG)-0202. In this study, we
evaluated the safety and efficacy of PVP as a palliative
intervention for patients with PMVCF.

materials and methods

patient selection
Patients were required to have an imaging [including radiography and
computed tomography (CT)] diagnosis of changes in the thoracic or
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lumbar vertebrae caused by malignant tumor metastases or multiple
myeloma, limitation of daily activities due to pain from the lesions and/or
the risk of compression fracture, and no exposure of the vertebral tumors to
the vertebral canal (defined as vertebral canal surface showing no tumor
invasion on CT or magnetic resonance imaging). In addition, the patients
had to have an Eastern Cooperative Oncology Group performance status
(PS) of zero to three, preserved major organ function (bone marrow, heart,
liver, lung, and kidney), and an anticipated survival of at least 4 weeks.
Patients were excluded if their pain grade of Visual Analogue Scale (VAS)
[14] was <2, they could not maintain the position needed for treatment,
they had a bleeding tendency with bleeding time 25 min, fever 238°C,
cardiac failure requiring continuous drug therapy, history of major drug
allergy such as anaphylactic shock to any drugs, so as to minimize the
possibility of cardiac toxicity due to the bone cement preparation, and/or
confirmed or possible pregnancy. In addition, patients were judged
ineligible for this trial if the vertebral lesions harbored possible active
inflammation (tuberculous or other infectious), if marked vertebral
flattening was present (defined as the height of the affected vertebral body
showing a mean value of-one-third of that of the superior and inferior
vertebral bodies), if five or more continuous vertebrae were affected
precluding evaluation of the therapeutic effect or if in a single session four
or more vertebrae required therapy.

Both the ethics committee of the Japanese Society of Interventional
Radiology and each institutional review board approved the protocol of this
study before patient entry. All patients provided written informed consent.

collaborative institutions

This study was conducted in 10 institutions comprising JIVROSG. Each of
these institutions has at least one full-time interventional radiologist
certified by the Japanese Society of Interventional Radiology (Table 1).

study end points

The primary end point of this study was to evaluate the safety of PVP, and
the secondary end point was to evaluate the efficacy of PVP for pain relief as
well as the incidence and grade of adverse events.

study design

This study was a multi-institational, single-arm, open-label,
noncomparative trial. The phase I part of this trial was conducted using
the 3 X 3 method proposed by the JIVROSG. This method was applied as
follows. To be able to quickly terminate the study if the incidence of
adverse events associated with this modality exceeded one-third of the
patients, three separate groups with three cases each were enrolled at 4-

week intervals. If severe adverse events of the first group with three cases, .

according to the National Cancer Institute—Common Toxicity Criteria
(NCI-CTC) version 2.0 [15] or equivalent adverse events, were limited to
one or less of the first three cases, then the second group with three cases

Table 1. Collaborative institutions

Natiox}al Cancer 'C'el"lﬁ;"l' Hospitaly b
Kyoto First Red Cross Hospital

St Marianna University.
Ibaraki Prefectural Central Hospital
Kansai Medical University- .~
Twate Medical University

Kanazawa University

Shinshu University

Aichi Cancer Center .
Tochigi Cancer Center Hospital
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was added. When the number of adverse events in the combiped first and
second groups with six cases was two or less, then the third group with
three cases was added. If the number of adverse events of the total nine
cases of all three groups was three or less, then subsequently all cases up
to the target number were enrolled without distinguishing them into
three different groups. If the incidence of adverse events in each of the
first, second and third groups exceeded the above-noted permissible
limits, the advisability of trial continuation or possible termination was
rediscussed.

In the phase II part of this study, 24 cases were enrolied. Since the
treatment administered in phases 1 and 2 was exactly the same, the primary
and secondary end points of the cases registered in phase 1 were evaluated
together with those of the cases of phase 2. So, the primary and secondary
end points were evaluated in all 33 cases.

The observation period for adverse events was defined as the 1-month
period following the completion of the procedure. Subsequently, the
presence/absence of pain recurrence at the treated site, the period of pain relief
(absence of recurrent pain at the treated site from before therapy to obtaining
a decrease of VAS score to <2), and patient survival period were investigated.
In the follow-up investigation, recurrence was defined as occurring on the day
on which pain worse than that before therapy was noted, with the period up to
this day defined as the pain-mitigated survival period.

statistical analysis

In the phase [ part of this study, a cohort size of nine patients was
considered to make it possible to quickly terminate the study if the
incidence of adverse events associated with this modality exceeded one-
third. During phase I through phase II, the study was designed to detect
adverse events having an incidence of at least 10%, setting 80% power, 10%
predicted rate, and 30% unacceptable rate. We anticipated a protocol
dropout rate of 10%. Thus, the target accrual number of patients was
calculated to be 33. All enrolled patients were included for the intention-to-
treat analyses.

registration of cases

The registration period extended from February 2003 until May 2006. To
enter a patient into the study, the investigator had to log on to a restricted
Web site using the JIVROSG data center, enter patient indication/
contraindication data, and register the case. After the executive office
verified the suitability of the entered data and the presence/absence of any
missing items, a registration number specific to that patient was issued and
the case registration procedure completed. Subsequently, all
communications were limited to these issued patient registration numbers.
PVP was commenced within 1 week of this patient registration.

interventional procedures of PVP

The interventional procedures of PVP in this study were conducted as
follows. After injection of 0.5 mg atropine sulfate and securing a venous
access, the patient was placed prone on the table used for fluoroscopy or CT
fluoroscopy, and an electrocardiogram apparatus and blood pressure
monitor were attached. Following disinfection of the puncture site and
injection of local anesthesia, an 11-14 ga metallic needle was inserted up to
the site where the bone cement was to be injected under fluoroscopic or
CT-fluoroscopic guidance (Figure 1A). Acrylic bone cement was prepared,
and the use of bone cement mixed with up to 30% bactericidal barium was
recommended if bone cement was injected under fluoroscopic guidance
(Figure 1B). The injection was stopped when sufficient bone cement was
judged to have been distributed, after which the needle was withdrawn
(Figure 1C). When multiple (up to three) vertebrae were to be treated, these
steps were repeated for each vertebra. The patient was kept at bed rest for
2 h after the procedure.
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Figure 1. Interventional procedure of percutaneous vertebroplasty. (A)
Insertion of 11~14 ga bone biopsy needle into the target vertebral bone
through pedicle under fluoroscopic or computed tomography
(CT)-fluoroscopic guidance. (B) Injection of acrylic bone cement under
fluoroscopy or CT fluoroscopy monitoring. {(C) Stop of the injection when
adequate distribution is obtained.

combined and supportive therapies

To prevent possible infection, it is recommended that antibiotics be
administered for 3 days following the procedure and that an
anesthesiologist or other physician able to undertake emergency measures
be present. Continued administration of any radiotherapy or analgesics,

Volume 20| No. 12 | December 2009

chemotherapy, and nerve block therapy used before therapy was permitted,
including the wearing of corsets. With the exception of management of
adverse events, surgical intervention for post-therapy pain, admixture of
anticancer agents and/or antibiotics with the acrylic bone cement, and PVP
using general anesthesia were not permitted.

observation items

The imaging findings including those of radiography and CT of the primary
site and target vertebrae and compression grade were evaluated before
therapy and at around 7 days after therapy. VAS score was determined at
days 1, 3, and 7 and weeks 2 and 4. Also, before and after therapy, the
patient items were evaluated at the specified times.

evaluation methods

The adverse events were evaluated by NCI-CTC version 2. The grade of
pain was evaluated by the VAS. VAS scoring was done by having the patient
himself note his degree of pain on a 10-cm long horizontal straight line. The
efficacy of therapy was evaluated by changes in the VAS score noted 1 week
after therapy. When the VAS score was <2 or when compared with before
therapy a decrease of 25 was obtained, the therapy was judged to be
significantly effective (SE). When the VAS score did not reach <2 but when
compared with before therapy showed a decrease to <5 to 22, the therapy
was judged to be moderately effective (ME). When despite therapy the VAS
score decreased by <2 or showed an increase, the therapy was judged to be
ineffective (NE). The efficacy of the therapeutic results was assessed by the
proportion of the total cases achieving SE or ME. Regardless of any changes
in the VAS score, the therapy was also judged to be NE if the need for
analgesics increased as compared with before therapy. However, to
investigate the timing of the pain-mitigating effect, VAS score was
determined within 1 week before the start of therapy, the day after, 3 days
after, and at 1, 2, 3, and 4 weeks.

In cases with painful bone metastases at multiple sites, treatment was
permitted for all sites with indications for PVP at multiple sessions.
However, one treatment session was limited to a maximum of three
vertebrae. When all treatment sessions were finished, the degree of back
pain was comprehensively evaluated by VAS.

results

There were no reports of severe adverse event in any of the nine
cases enrolled in phase 1. Thus, without any interruption the
transition was made to phase II. There were a total of 33 cases
from 10 institutions, comprising 16 males and 17 females with
a mean age of 62 years (37-87 years) (Table 2). PS was zero in
one case, one in seven cases, two in 12 cases, and three in 13
cases. Thirty cases had metastatic vertebral tumors, originating
from lung, breast, and colon cancer in seven cases each, liver
cancer in four cases, pancreas cancer in two cases, and tongue,
esophagus, and skin cancer in one case each. The only primary
vertebral tumor was multiple myeloma, which was present in
three cases. Analgesics administered before therapy were
NSAIDs alone in nine cases, opioids alone in 10, and both in
11. Radiotherapy was administered to the treated site in 11
cases. The mean interval between the two therapies was 46 days,
and no pain-mitigating effect was obtained.

Forty-two vertebrae were targeted: 18 thoracic vertebrae (I,
one; VII, three; VIII, three; IX, four; X, two; XI, two; and XII,
three) and 24 lumbar vertebrae (I, one; II, seven; II1, seven; IV,
seven; and V, two). Changes in imaging findings at the treated
sites comprised osteolytic changes in 35 vertebrae, mixed
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changes in five vertebrae, and osteoblastic changes in two
vertebrae, with the mean compression rate amounting to 75.8%
(41%-106%). Three vertebral bodies, two vertebral bodies, and

Table 2. Background of enrolled cases

No. of patients 33*
Male 16
Female 17
Mean age, years 62 (37-87)

Primary disease
Lung cancer
Breast cancer
Colorectal cancer
Liver cancer
Myeloma
Pancreatic cancer
Tongue cancer
Esophageal cancer
Skin cancer k 1

Preradiotherapy to the target lesion 11 (mean interval 46 days)

Combined chemotherapy , 16

Administered analgesics before therapy
NSAIDs alone 9
Opioids alone 10
NSAIDs and opioids 11

Performance status (ECOG) ‘

0 .

1

2 , 12
3 13

Target VB (N = 42) )
1VB 26
2 VBs ' 5
3 VBs 2
Thoracic VB (N = 18)

1
VII
VI
IX:
X
XL
© XII
. Lurnbar VB (N.=24)
I.
I
ur
v
v ; Pa

Appearahcg of lésion’,v en N -

Osteolytic =~ e 28 (35 VBs)
Miked S 3 (5VBs)
Osteoblastic 7 “72 (2 VBs)
Compression rate (height of target VB/height of next VB)
R 75.8% (41%-106%)

e B W W N NN

Wb A

CRTIN NN

Mean

*Nine for phase I and 24 for phase II.
NSAIDs, nonsteroidal anti-inflammatory drugs; ECOG, Eastern
Cooperative Oncology Group; VB, vertebral bone.
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one vertebral body were treated in two, five, and 26 cases,
respectively. In only a single case was the treatment divided into
two sessions, being completed in a single session in all the other
cases.

CT fluoroscopy was used in 15 cases, fluoroscopy in 15, and
a combination of the two in three. The mean time required per
case and per vertebra was 49 min (20-120 min) and 39 min,
respectively. The volume of bone cement administered was
1-8 ml [mean 3.5 ml, standard deviation (SD) 1.8 ml]. The
bone cement preparations used were Osteobond (Zimmer, IN)
in 22 cases, Simplex (Stryker, MI) in 10, and Bone Cement
(Zimmer) in one. The recommended antibiotics were used in
19 of 33 cases (58%). The technical success rate was 100%, and
in no cases were the interventional procedures provided by the
protocol terminated prematurely.

In the evaluation of safety, adverse events during the therapy
were limited to bleeding from the puncture site in a single case
(3%), in which the bleeding was stopped with 5-min manual
pressure. Adverse events of grade 3 or 4 of NCI-CTC version
2 or other correspondingly severe adverse events related to PVP
were not observed, while two patient deaths caused by the
progression of primary disease were observed within 30 days of
PVP. An adverse event of PVP could not be excluded in only
a single case (3%) with grade 2 serum hypoalbuminemia.

In the evaluation of clinical efficacy, the response rate was
70% (95% confidence interval 54% to 83%), being SE in 20
cases (61%) and ME in three (9%). The mean time to response
was 2.4 days (median 1 day, SD 3.2 days). VAS score was
6.2 + 2.1 within 1 week before the start of therapy, 3.6 + 2.6 the
day after, 2.5 + 2.6 after 3 days, and 2.4 + 2.3 at 1 week (5-8
days), 2.3 + 2.7 at 2 weeks (11-15 days), 2.0 + 2.2 at 3 weeks
(15-26 days), and 1.8 + 2.3 at 4 weeks (26-29 days) (Figure 2).

Pain recurrence at the treated site was noted in 5 of 23 (22%)
of the SE or ME cases. On the other hand, in 4 of the 10 cases
(40%) in which the therapy was evaluated as ineffective in the
first week, the result was subsequently judged to be ME. At 4
months after completion of enrollment, 14 patients were alive,
18 had died, and the survival status of one was unknown. The
median survival period was 194 days (mean 270 days, SD 240
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Figure 2. Changes in Visual Analogue Scale (VAS) score. The changes in
the VAS values at the various observation time points are listed here. The

curve shows the changes in mean values and the vertical line the standard

deviation. Pain relief from the therapy is obtained by the third day, with

a slow decrease in the VAS values also subsequently observed.
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days). The median pain-mitigated survival period was 73 days
(mean 230 days, SD 258 days).

discussion

The treatment of painful vertebral metastases and other
conditions affecting vertebral bone remains a major challenge
in patients under palliative care. Numerous studies have already
validated the efficacy and safety of PVP in this context [4-7,
11]. However, all these were retrospective in nature, and no
such prospective studies have yet been described. This
prompted JIVROSG to undertake the present study to
objectively evaluate this procedure by prospectively assessing its
safety and clinical efficacy in a multi-institutional setting.

Regarding safety, we attributed the absence of severe
complications in the present study to the strict patient selection
criteria adopted by us, namely, the exclusion of cases with
cardiac failure, a history of drug allergy, and tumors exposed
within the vertebral canal, as well as the use of a highly precise
fluoroscopy or CT fluoroscopy apparatus at the time of
therapy, and the use during fluoroscopy of bone cement mixed
with up to 30% bactericidal barium so as to facilitate the
immediate recognition of extravertebral leakage. These results
indicate that PVP is an extremely safe therapeutic intervention,
provided that appropriate patient selection and apparatus use
are adhered to, when carried out by an interventional radiology
specialist.

In this study, pain was evaluated at 1 week after therapy, with
an efficacy rate of 70% obtained, comparable to previously
reported results of 70%-90% in the literature [4, 7, 10, 11].
However, most importantly, the therapeutic effect was apparent
at a median 1 day (mean 2.4 days, SD 3.2 days), demonstrating
a rapid pain-relieving effect. In contrast, the therapeutic
response to the hitherto standard pain relief therapeutic
modality used, namely, 10 sessions of radiotherapy at 3 Gy, has
been reported to require 2—4 weeks to take effect [1, 2]. In this
respect, thus, the rapidity of onset of the desired effect of PVP is
clearly superior to that of radiotherapy. The median survival
period of the enrolled cases was 194 days because 290 of them had
bone metastases from malignant tumors and had a poor prognosis.
In view of this fact, the selection of a therapeutic modality
providing a prompt onset of pain relief becomes especially
important. In contrast, in cases with vertebral body metastases
highly sensitive to radiotherapy and/or with an anticipated long
survival period, radiotherapy is the preferred option.

Recurrence of pain at the treated site was noted in 21% of
cases. Since this therapy is not designed to exert an antitumor
effect but rather to provide pain relief by strengthening
weakened vertebrae, pain recurrence is unavoidable if the
metastatic foci expand. The lack of a response in six patients
was attributed to their poor general state. The present results
based on a prospective study demonstrate that PVP can be
carried out safely and shows marked efficacy, in particular fast-
acting pain relief, provided that patient and equipment
selection is appropriate and that an experienced physician is
available. Since PVP is a therapeutic technique, its safety cannot
be evaluated like that of a phase I trial for drugs in which drug
doses are increased incrementally to determine the optimal

Volume 20| No. 12 | December 2009

doses to be administered. Therefore, in the present study, we
adopted a modified design of phase I study for drugs. However,
the number of cases in our study is not enough to confirm the
safety of PVP. Additionally, the results of this study are
insufficient to establish PVP as a standard therapy for patients
with painful malignant vertebral body tumors. Thus, we are
planning to conduct a phase III study comparing PVP and
conventional treatments in this context.

conclusion

PVP was proved safe, clinically efficacious, and fast acting in
this prospective study. Future studies enrolling larger groups of
patients will be needed to further establish its role in the
management of painful bone lesions as palliative care.
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Background: Analysis of estrogen receptor (ER), progesterone receptor (PgR) and HER?2 status in early breast
cancer (EBC) is increasingly being conducted in core needle biopsies (CNBs) taken at diagnosis but the concordance

with the excisional biopsy (EB) is poorly documented.

Patients and methods: Patients with EBC presenting to The Royal Marsden Hospital from June 2005 to
September 2007 who had CNB and subsequent EB were included. ER and PgR were determined by
immunohistochemistry (HC) and graded from O to 8 (Allred score). HER2 was determined by IHC and scored from O to
3+. FISH analysis was carried out in HER2 2+ cases and in discordant cases.

Results: In all, 336 pairs of samples were compared. ER was positive in 2563 CNBs (75%) for 255 EBs (76%) and was
discordant in six patients (1.8%). PgR was positive in 221 CNBs (66%) and 227 (67.6%) EBs being discordant in 52
cases (15%). HER2 was positive in 41 (12.4%) of the 331 CNBs in which it was determined compared with 44 (13.3%)

EBs and discordant in four cases (1.2%).

Conclusions: CNB can be used with confidence for ER and HER2 determination. For PgR, due to a substantial
discordance between CNB and EB, results from CNB should be used with caution.
Key words: core needle biopsy, early breast cancer, estrogen receptor, HER2, progesterone receptor

introduction

Breast cancer is the most frequently diagnosed neoplasm
among women in the United States and Western countries and
is the second leading cause of cancer death among women [1].
Although it continues to be an important cause of cancer
morbidity and mortality, the death rates have drastically
decreased due to earlier detection and more effective treatment.
Over recent years, the role of core needle biopsy (CNB) has
become well established as an important diagnostic tool for
both palpable and nonpalpable breast lesions and it is
considered the method of choice for tissue sampling as part of
the triple assessment of breast disease [2, 3]. The accuracy of
the CNB for the diagnosis of breast carcinoma has been
extensively studied and good concordance rate has been
reported between CNB and excisional biopsy (EB) for diagnosis
of breast carcinoma (91%—100%) with a specificity rate ranging
from 96% to 100% [4, 5].

*Correspondence to: Dr M. Amedos, Department of Medicine, Breast Unit, The Royal
Marsden Hospital, Fulham Road, London, UK. Tel: +44-2078082751;
Fax: +44-2073525441; E-mail: monica.arnedos@rmh.nhs.uk

In addition to the histopathological diagnosis, there is
a growing demand for prognostic information and in particular
the determination of estrogen receptor (ER), progesterone
receptor (PgR) and HER2 for treatment planning. In situations
where neoadjuvant therapy is used, such information is often
needed for selection of therapy and maybe the only tissue
available for consideration of postsurgical care, e.g. in cases
achieving a pathological complete response with treatment.
Even in the presence of residual disease, there is also the
concern of changes in the tumour profile due to treatment
effect [6]

The status of ER, PgR and HER2 is critical in the
management of patients with invasive breast carcinoma [7]. ER
is a powerful predictive factor for response to endocrine
treatment and long-term outcome. Similarly, HER2
overexpression has been associated with worse prognosis in
patients with newly diagnosed breast carcinoma, is
a determinant of response to trastuzumab and a possible
marker of resistance to certain endocrine and chemotherapy
treatments [8-10].

Due to the possible heterogeneous distribution of the
antigens within the tumour, CNB may not accurately reflect the

© The Author 2009. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
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