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Abstract We have previously demonstrated that para-
thyroid hormone-related protein (PTHIP) is a cachexia
inducer, but it is still not known what PTHrP effects on
target tissues induce the cachexia. Therefore, we examined
the effects of anti-PTHrP antibody and osteoprotegerin
~ (OPG) . on PTHrP-producing tumor-induced cachexia,
Nude mice bearing PTHrP-producing human lung cancer
cells (HARA-B) exhibited cachexia with hypercalcemia 3-
4 weeks after inoculation, accompanied by losses in body,
adipose tissue, and muscle weight. OPG ameliorated hyper-
calcemia, as did neutralization of PTHIP with antibody; and
it increased both body and adipose tissue weights. These
mcreases inr body and adipose tissue weight, however, were
significantly less than those in mice treated with anti-PTHrP
antibody. Simultaneous administration of OPG and anti-
PTHrP antibody caused significant increases in body, adi-
pose tissue, and muscle weight, along with an immediate
decrease in blood ionized calcium levels. The increase in
body weight was similar to that observed in mice treated
with anti-PTHrP antibody alone, and.the decrease in the
‘blood ionized calcium levels was significantly greater than
that in mice treated with OPG or anti-PTHP antibody
alone. These results suggest that an effect of PTHrP on
target tissues other than hypercalcemia is involved in the

development of cachexia. Expression of cachexia-inducing

proinflammatory cytokines (interleukin-6 and lenkemia in-
hibitory factor) is stimulated by PTHrP. This might be a
mechanism by which PTHrP produces tumor-induced
cachexia. It is also suggested that OPG and anti-PTHrP
antibody synergistically act to ameliorate hypercalcemia,
although the mechanism responsible for this is unclear.
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Introduction

Cachexia is a debilitating condition of involuntary weight
loss characterized by anorexia, depletion of fat and muscle

‘tissues, hypoglycemia, and anemia [1]. It often accompanies

various cancers in advanced stages and reduces the quality
of life and the patient’s response to chemotherapy [2]. For
cachexic patients, the normal balance between energy in-

- take and caloric expenditure is disrupted owing toincreased

catabolism. However, the molecular mechanism respon-
sible for cachexia is poorly understood. Several cytokines,
including tumor necrosis factor-o. (TNFo. [3]) interleukin-6

(IL-6) [4]) interferon-y [5], and leukemia inhibitory factor

((LIF) [6]) have been implicated in' the development of
cancer cachexia; and recently we showed that parathyroid
hormone-related protein (PTHrP) induces cachexia in ex-
perimental animals using cultured human lung cancer cells
[7]. In this cachexia model, however, it remains unclear -
what PTHrP effects on target tissues induce cachexia, -
Osteoprotegerin (OPG) is a member of the tumor necro-
sis factor receptor family and -antagonizes the ability of
receptor activator of nuclear factor x-B ligand (RANKL)to .
bind to its receptor, the receptor activator of nuclear factor
k-B (RANK) [8,9]. OPG prevents and reverses hypercalce-
mia in an animal model of humoral hypercalcemia of malig-
nancy (HEM) [10], and the effect of OPG on hypercalcemia
occurs via the competitive inhibition of RANKL-RANK
interaction regardless of the action of PTHyP, Thus, to de-
termine the role of PTHIP in cachexia, we examined the
effects of OPG on cachexia in an experimental cachexia
model induced by a PTHrP-producing tumor and compared

its effects to those of anti-PTHrP monoclonal antibody
(mAb).



Materials and methods
-HARAfB cachexia model

HARA-B cells were isolated from a bone metastasis of
human lung cancer-derived cells (HARA), which induces
cachexia with hypercalcemia [7). The cells were cultured
in RPMI-1640 plus 10% fetal bovine serum (FBS) and
penicillin-streptomycin, harvested by trypsinization, and
resuspended in phosphate-buffered saline (PBS). A single
suspension of HARA-B cells (5 x 10° cells/0.2ml) were
inoculated subcutaneously (s.c.) in the right flank of nude
mice (5-week-old male mice).

Administration of anti-PTHrP antibody and OPG

Anti-human PTHrP mAb was provided by Chugai
Pharmaceutical Japan; the characteristics of this mAb were
previously described [11). The recombinant OPG used was
provided by Amgen and comprised the ligand-binding do-
main of human OPG fused to the Fc domain of human
immunoglobulin G (IgG) [8].

HARA-B-bearing mice began losing body weight 3-4
weeks after inoculation. Tumor weight was estimated by the
formula (ab%2), and the carcass weight was calculated as the
difference between the whole-body weight and the esti-
mated tumor weight. The followings were administered

when the carcass weight fell to below 20g: anti-human
PTHrP mAb (100p1g IgG/mouse, intraperitoneal (i.p.) infu-
sion on day 0); OPG (2.5mg/kg s.c. infusion on days 0-5); -

anti-human PTHrP mAb (100 g 1gG/mouse i.p. infusion on
day 0) + OPG (2.5mg/kg s.c. infusion on days 0-5): and PBS
(0.1 mVmouse i.p. on day 0).

‘Body weight and tumor size were measured daily. Blood
1onized -calcium levels in retroorbital samples -were mea-
sured on days (, 2,4, and 6 by the electrode method using an
autoanalyzer (M-634; Chiba Corning Diagnostics, Toyko,

- Japan). Mice were killed on day 6 after administration of
these agents. At this time blood was collected. from .the
heart; and the epididymal adipose tissue, gastrocnemius
muscle, and subcutaneous tumor were weighed. Serum
samples obtained after centrifugation were stored at —30°C
until serum PTHIP levels were determined. Serum PTHzP
levels were measured using a radioimmunoassay (RLA) kit

- . specific for the C-terminal portion of PTHrP (Dajichi,

Toyko, Japan).

Statistics .

Statistical analysis was performed using Welch’s unpaired -
test. P < (.05 indicated statistical significance.

Resulis

HARA-B-bearing mice exhibited a reduction in body
weight 3-4 weeks after inoculation. The .effects of anti-
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Fig. 1. Changes in body (carcass) weight (A) and blood ionized cal-
cium levels (B) in HARA-B-bearing mice after administration of phos-
phate-buffered saline (control} (open sguare), osteoprotegerin (OPG)
(filled squares), anti-parathyroid hormone-related protein (anti-
PTHIrP) monoclonal antibody (mAb) (open circles) and OPG plus anti-
PTHIP mAb (filled circles). When the carcass weight fell below 20 :
PBS and anti-PTHrP mAb (100 ug immunoglobulin G) were adminis-
tered to the peritoneal cavity on day 0, and OPG (2.5mglkg) was
administered subcutaneously from days O to 5. The body weight and
tumor size were measured daily, and blood ionized calcium was mea- - .
sured on days 0, 2, 4, and 6. The mice were sacrificed on day 6 after
administration. The carcass weight was calculated as the difference
between the whole-body weight and the estimated tumor weight. The

values represent means for groups of eight mice. Vertical bars are the
SE. #P < 0.001. 'P < 0.05

PTHrP mAb, OPG, and anti-PTHrP mAb plus OPRG
were examined in mice whose body weight dropped below
20 g. The changes in body weight and blood ionized calcium
levels are shown in Fig. 1. Administration of anti-PTHrP
mAb or OPG caused weight gain, and the body weights
of mice treated with anti-PTHrP mAb or OPG were
significantly -higher than those of the control mice over
the observation period. However, the increase in body
weight of mice treated with anti-PTHrP mAb was greater
than that of mice treated with OPG, and the differences
between them were significant from days 2 to 6 after ad-
ministration. The blood iomized calcium levels of mice
treated with anti-PTHrP mAb immediately decreased and
remained at Jevels similar to those of mice treated with
OPG. Blood ionized calcium levels in these groups were
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Table 1. Cachexia parameters of HARA-B-bearing mice and age-maiched non-tumor-bearing mice (normal) after various treatments

Parameter HARA-B-bearing mice Normal mice
Controls Antibody - OPG Antibody + OPG

Carcass weight (g) A 17.0£ 04 - 23.4 £ 0.5% 20.4 + 0.6% 24.0 + 0.6% 270 + 0.7

Adipose tissue weight (mg) 18 +4.1 108 +9.2* 58+ 11* 120 £9.2% 81+ 94

Muscle weight (mg) 80+24 108 & 4.2% 94 +37 108 £2.2% 135+ 2.8

Tumor weight (g) 29+03 2.5%03 2.3%02 2.7+03

Blood Ca™ (mM) 2.36 £ 0.09 1.72 £ 0.05% 1.80 % 0.05% 1.46 % 0.06* 134 + 0.0

Serum PTHIP (pmoVl/l) 1102 £ 119 905 + 82 1192 £ 159 1130+ 198 59 £ 10

* P < 0.001 vs control

Data-are expressed as the mean % SE from eight mice treated with PBS (controls), anti-PTHrP mAb (Antibody), OPG, and anti-PTHrP mAb

plus OPG (Antibody + OPG) and six non-tumor-bearing mice (Normal)

PBS, phosphate-buffered saline; PTHrP, parathyroid hormone-related protein; mADb, monoclonal antibody; OPG, osteop}otcgcn'n .

significantly lower than those of the controls on days 2, 4,
and 6 after administration.

We also examined the combined effects of anti-PTHrP
mAD plus OPG on HARA -B-bearing mice. Simultaneous
administration of anti-PTHrP mAb plus OPG caused
weight gain, and the change in body weight was similar to
that of mice treated with anti-PTHrP mAb. Blood ionized
calcium levels decreased to a greater extent than those of
-mice treated with anti-PTHrP mAb or OPG, and significant
differences in the blood ionized calcium levels were found
on days 2, 4, and 6 after administration.

Losses in adipose’tissue weight and muscle weight usu-
ally develop in cachexic mice. HARA-B-bearing mice
showed marked depletion of adipose tissue weight and mild

- depletion of muscle weight [7]. Several cachexia parameters
measured on day 6 after administration are shown in Table
1. Treatment with anti-PTHrP mAb caused a significant
increase in adipose tissue weight and muscle weight. Treat-
ment with OPG also increased adipose tissue weight, but it
was significantly less than that of mice treated with anti-

PTHIP mAb. Simultaneous treatment with anti-PTHrP

‘mADb plus OPG resulted in a significant increase in. adipose
tissue and muscle weights compared to the controls, which
was similar to that of mice treated with anti-PTHIP mAb.
There-were no significant differences between the tumor
weights or serum PTHrP levels among groups.

Discussion

We previously reported that PTHrP induces cancer
cachexia in an experimental model using human lung can-
cer-derived cells {7]. However, it remains to-be determined
what PTHrP effects on target tissues induce cachexia. We

- therefore examined the effects of OPG, which inhibits hy- ’

percalcemia, on PTHrP-producing tumor-induced cachexia
to elucidate the mechanism responsible for this condition.
OPG inhibited hypercalcemia to the same extent as that
caused by neutralization of PTHIP with antibody. OPG also
increased the body and adipose tissue weights compared
with the controls, although these effects were less when
compared to those in mice treated with the neutralization of

PTHrP with antibody. In addition, OPG failed to cause an
Increase in the muscle weight.

These results suggest- that hypercalcemia is involved in
the development of PTHrP-producing tumor-induced
cachexia, but that its contribution is limited. The conditions
responsible for cachexia cannot be explained by anorexia
and energy expenditure, as nutritional support is unable to
alleviate this syndrome [12]. Mechanisms other than anor-
exia could be involved in the induction of cachexia. The
direct effects of cytokines may be involved in the loss of

-adipose tissue and muscle weights. IL-6 suppresses the ex-

pression of lipoprotein lipase, a key enzyme that regulates
lipid metabolism in adipocytes during cachexia [13]. In the
present study, the loss in adipose tissue and muscle weights

~ were fully recovered, not by correcting the hypercalcemia

but by neutralizing PTHrP with antibody. This raises the
possibility that PTHrP causes the catabolism of adipose
tissue and muscle through a mechanism other than hyper-
calcemia. PTHrP plays another role as a proinflammatory
cytokine and stimulates the expression of IL-6 and LIF,
which are both known as cachexia inducers, through the
cytokine cascade [14]. In our previous study, however, se-
rum levels of mouse IL-6 in HARA-B-bearing mice with
cachexia were similar to those in the non-tumor-bearing
mice [7]. We cannot exclude the possibility that PTHrP may
act through the endogenous release of these cachexia-
inducing proinfiammatory cytokines (IL-6 and LIF) only at
the target sites in a paracrine fashion, which would not
influence the serum levels of these cytokines.

PTHIP is expressed in discrete regions of the brain [15].
We therefore cannot exclude the possibility that PTHzP
induces anorexia by altering central neurohormonal signals

that govern appetite. However, food intake was only mini-

mally decreased due to HARA-B-induced cachexia in a
previous study [7], suggesting that anorexia is not involved
in this cachexia.

OPG was identified as an osteoclastogenesis inhibitory
factor (OCIF) that inhibits osteoclast formation and activity
[8.9); and several studies have found that OPG inhibits bone
resorption caused by several cytokines including PTHrP
[16]. Furthermore, Capparelli et al. [10] showed that OPG
prevents and reverses hypercalcemia in an HHM model
mouse. In the present study, the hypercalcemia in HARA-



B-bearing mice was ameliorated by OPG, anti-PTHrP
mADb, or both. The blood ionized calcium levels were de-
" creased to a greater extent after simultaneous administra-
-tion of OPG and anti-PTHrP mAb compared to those after
OPG or anti-PTHrP mAb alone. OPG together with anti-
PTHrP mAb almost completely normalized the hyper-
calcemia. Although the mechanism responsible for the
‘synergistic effects of OPG and anti-PTHrP mAb on hyper-
calcemia is not clear, hypercalcemia in ‘the HARA-B-
bearing mice may be induced not only by PTHrP but also by
other' factors, and further studies are required to eluci-
date the mechanism for the development of hypercalcemia
in HARA-B-bearing mice. ’
In conclusion, PTH:P is a known mediator of cachexia.
Hypercalcemia, which is induced by PTHrP, as well as othér

effects of PTHrP (partly through the induction of cachexia-

inducing proinflammatory cytokines at the target sites)
cooperate to develop cachexia. In addition, OPG and anti-
PTHrP antibody additively inhibit hypercalcemia.
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Abstract. Disseminated carcinimatosis of the bone marrow
is accompanied by solid tumors, and gastric cancer accounts
for the majority. The prognosis of this condition is poor,
however, the pathogenesis for wide-spread bone lesions has
yet to be elucidated. In 9 patients with gastric cancer demon-
strating disseminated carcinomatosis of the bone INAarrow,
the characteristic clinicopathological features were examined.
Immunohistochemistry for receptor activator of NE-kB ligand
(RANKL) and parathyroid hormone-related protein was also
performed on gastric cancer tissue and bone marrow specimens
to identify the factors responsible for the occurrence of bone
lesions in patients presenting with this condition. The character-
istic features of disseminated carcinomatosis of the bone
marrow due to gastric cancer include a yonger patient age,
an elevation of serum alkaline phosphatase and/or lactate
dehydrogenase levels, wide-spread bone metastases with
osteolytic bone destruction, a low incidence of hypercalcemia
and a histological gastric cancer type of either signet ring
¢ell carcinoma or poorly diffentiated adenocarcinoma. The

. expression of RANKL, which is one of the master regulators
of osteoclastic bone resorption in bone metastasis, was also
found in gastric cancer cells obtained from such patients. The
RANKL expressed in gastric cancer may therefore play a
critical role in the promotion of osteoclast formation, which
has been suggested to be involved in the pathogenesis of bone
lesions. :
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Introduction -

Bone metastases diffusely invading the bone marrow with
hematological disorders [i.e., disseminated intravascular
coagulation (DIC), microangiopathic hemolytic anemia, etc.]
tend to be accompanied by solid tumors (1), and this condition
is called disseminated carcinomatosis of the bone marrow.
This condition is often caused by gastric cancer among solid
tumors, although its overall incidence is rare (2,3). The
prognosis for this condition is extremely poor, however, the
pathogenesis of this condition, namely the cause for the
development of such diffuse bone metastases, has yet to be
elucidated. In the present study, we examined the characteristic
clinicopathological features of disseminated carcinomatosis
of the bone marrow accompanied by gastric cancer based
on the clinical findings of 9 cases who presented with this

_ condition at our cancer center from 1991 to 2002. We also

examined the expression of receptor activator of NF-xB
ligand (RANKL) and parathyroid hormone-related protein
(PTHIP), which are known to be master regulators of osteo-
clastic bone resorption in bone metastasis (4,5), in gastric
cancer tissue and bone marrow specimens obtained from these
9 patients to identify any factors related to the pathogenesis

_of such diffuse bone metastases observed in this condition,

Patients and methods

Patients. Nine patients with disseminated carcinomatosis of the

bone marrow associated with gastric cancer, who were treated

in our cancer center between 1991-2002, were examined.
The diagnosis of disseminated carcinomatosis of the bone

‘marrow was made in patients with gastric cancer, who also

demonstrated: i) an elevation of the serum alkaline phospha-
tase (ALP) and/or lactate dehydrogenase (LDH) levels, ii)
DIC and/or anemia (macro- to normocytic and hyper- to
normochromic anemia), and iii) diffuse bone metastases on
the bone scintigraphy findings. A bone marrow puncture
was performed on 2 patients (cases 5 and 9 in Table 1), and
metastatic infiltration of atypical epithelial cells (cancer cells)
was found in a bone marrow aspiration smear (Fig. 1). Eight
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Table I. Clinicopathological features of nine patients with disseminated carcinomatosis of the bone marrow associated with
gastric cancer. '

Hematological , Immunohisto-
disorders® chemistry

Case Age Sex ALP* LDH®* DIC Anemia Hyper- Histological Therapy® Survival RANKL PTH:P Type

(years) aun o calcemia® type? _ period of bone

(days)f metastasis

1 52 F 475 584 + + - Sig CDDP/5-FU 100 - - Osteolytic

2 40 F 395 1179 + + - Mo BSC 58 + - Osteolytic

3 49 F 1188 310 4+ + - ~ Sig CDDP/5-FU 240 + +  Osteolytic

4 45 M 892 4820 + + + Po BSC 43 + - Osteolytic

5 65 M 234 1915 - + - Sig BSC 10 + - NE

6 63 M 1336 1380 + + - Sig MTX/5-FU 190 - + NE

7 50 M 168 432 - + - Mo BSC 110 + L - NE

8 63 M 668 465 - + + Po MTX/5-FU 220 - + Os_teolytic

9 40 F 2404 1720 + - - Mo MTX/5-FU 330 + - Osteolytic

BP

*Serum levels of alkaline phosphatase (ALP) (normal 45-130 IUII) and lactate dehydrogenase (LDH) (normal 200-370 TU/) at diagnosis. *Associated
hematological disorders at diagnosis. “Incidence of hypercalcemia during the course of the disease. “Histological types of primary gastric cancer. Sig, signet
ring cell carcinoma; Po, poorly differentiated adenocarcinoma; Mo, moderately differentiated adenocarcinoma. <CDDP, cisplatinum; 5-FU, 5-flnorouracil;

MTX, methotrexate; BP, bisphosphonates; BSC, best supportive care. ‘Survival period since the diagnosis of disseminated carcinomatosis of the bone
marrow. NE, not examined. . ‘

v

bone marrow

Figure 1. Photomicrographs of a primary gastric cancer specimen (2 and b) and bone marrow aspiration smear (c and d) in disseminated carcinomatosis of the
bone marrow (cdse 5). A gastric cancer specimen showed mucosal involvement by signet ring cell carcinoma celis (2, x20; b, x40; hematoxylin and eosin). A
bone marrow aspiration smear showed metastatic infiltration by signet ring carcinoma cells (c, x40, Giemsa; d, x40, PAS).

patients had undergone prior surgery for gastric cancer before hand, the discovery of this condition preceded the diagnosis

. this condition was identified (cases 1-8 in Table I),and asa  of gastric cancer, and the diagnosis was thus made based on
result, the diagnosis of gastric cancer was histologically proven  the histological findings of the specimens obtained during a
in all 8 cases. In one patient (case 9 in Table I), on the other - gastroendoscopic biopsy.
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Figure 2. Typical radiological findings of bone lesions in disseminated carcino
scintigraphy showed multiple hot spots throughout the entire skeleton (a). The

which was disclosed by CT (b, arrow head).

We determined the clinicopathological features of the 9
patients as follows; age, sex, serum levels of ALP and LDH,
presence of hematological disorders (DIC, anemia) at the
time this condition was diagnosed, type of bone metastasis,
incidence of hypercalcemia during the course of the disease,
histological type of gastric cancer, therapy for this condition,
and survival period since this condition was diagnosed. These
factors are all listed in Table 1. '

Immunohistochemistry. Immunohistochemical staining for
RANKL and PTHrP was performed on gastric cancer speci-
mens obtained at surgery (cases 1-8, Table I) and/or biopsy
under gastroendoscopy (case 9, Table I) and bone marrow
specimens obtained by bone marrow puncture (cases 5 and 9,
Table I) according to the previously described method 6).
We also examined the expression of RANKL and PTHrP
immunohistochemically in gastric cancer specimens obtained
from 11 patients, in whom no metastasis was found 5 years
after operation as a control. The histological types of these
patients included 1 signet ring cell carcinoma, 7 poorly differ-

entiated adenocarcinoma and 3 moderately differentiated

adenocarcinoma. This composition of the histological types
of the patients were similar to those of the gastric cancer
patients who presented disseminated carcinomatosis of the
bone marrow.

Briefly, the sections (4 xm) were de-waxed with xylene
and rehydrated through a graded series of ethanol. After
inhibition of endogenous peroxidase, the sections were
incubated with primary antibodies at 4°C overnight, followed
by incubation with biotinylated link antibody and peroxidase-
labeled- streptavidin (Nichirei, Tokyo, Japan) at room temp-
erature for 20 min. The sections were then reacted in 33-

matosis of the bone marrow associated with gastric cancer (case 9). The bone
se bone lesions were composed predominantly of osteolytic bone destruction,

diaminobenzidine tetrahydrochloride (DAB), and then were
counterstained with hematoxylin. We used goat polyclonal
antibodies against RANKL (sc-7627, 1:50, Santa Cruz Bio-
technology, Santa Cruz, CA) and PTHrP (sc-9680, 1:50, Santa
Cruz Biotechnology) as a primary antibody. Tissue samples
from giant cell tumors of the bone and PTHrP-producing lung
cancer were used as positive controls for RANKL and PTHiP,
respectively, while sections incubated with PBS instead of
the primary antibodies were used as negative controls for
both.

Statistics. The statistical analysis was performed using Welch's
unpaired t-test, where a value of p<0.05 was considered to be
statistically significant.

Results

The characteristic clinicopathological features of disseminated
carcinomatosis of the bore marrow associated with gastric
cancer. The clinicopathological features of the 9 patients with
gastric cancer demonstrating disseminated carcinomatosis of
the bone marrow are listed in Table I.

The nine patients with this condition included 5 males and
4 fernales with a median age of 52 years, which was younger
than- that for the majority of gastric cancer patients. An
elevation in the serum ALP and LDH levels was a character-
istic clinical finding, which is important for making the
diagnosis, and the elevated ALP level was mainly related to
bone origin. Wide-spread bone metastases to almost the
entire skeleton were detected by bone scintigraphy (Fig. 2a),
and the types of bone metastasis included osteolytic bone
destruction in all 6 patients whose bone lesions were evaluated
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Figure 3. The treatment for disseminated carcinomatosis of the bone marrow associated with gastric cancer in case'9. The platelet count increased to the
normal level (normal 12-32x10%ul) along with marked rednction of the serum D-dimer level (normal <1 pg/ml) after three courses of chemotherapy (MTX/
5-FU) and the treatment for DIC (Nafamostat mesilate, Dalteparin sodium). However, the serum levels of ALP, which represented the extent of bone lesions,
and a tumor marker, STN, still remained extremely high.- Then, a bone-targeted therapy using bisphosphonates (incadronate) was started in addition to
chemotherapy, which resulted in a rapid reduction of serum ALP (normal 45-130 1U/1)-and STN (normal <45 U/ml) levels. :

by plain radiography, CT and/or magnetic resonance irﬁaging
(MRI) (Fig. 2b). DIC, the most common hematological compli-
cation associated with disseminated carcinomatosis of the

‘bone marrow, was found in 6 of 9 patients. In the remaining

3 patients without DIC, macro- to normo-cytic and hyper-
to normo-chromic anemia was noted as a hematological
complication. This type of anemia together with an elevation
of the serum LDH level suggest the possibility that the anemia
had been caused by a diffuse infiltration of cancer cells into
the bone marrow. Hypercalcemia is sometimes associated
with multiple bone metastases in cancer patients. In the
present study, however, only two of the 9 patients developed
hypercalcemia during the course of the disease in spite of a
widespread expansion of bone metastases.

The histological types of gastric cancer included 4 signet
ting cell carcinomas, 2 poorly differentiated adenocarcinomas
and 3 moderately differentiated adenocarcinomas. In the 3
gastric cancers with moderately differentiated adenocarcinoma,
however, a poorly differentiated component was found in some
parts of the gastric cancer in one patient. Chemotherapy
[cisplatinum (CDDP)/5-flucrouracil (5-FU) or methotrexate
(MTX)/5-FU] was performed in 4 patients (cases 1, 3, 6, 8
Table I), and the mean (+SD) survival period of these patients
was 187+62 days. In the 4 patients without chemotherapy
(cases 2,4, 5, 7; Table I), on the other hand, the mean (=SD)
survival period was 55+42 days, which was significantly
shorter than that of the patients with chemotherapy (p<0.02).
In the remaining one patient (case 9, Table I) who was treated
most recently in our cancer center, a bone-targeted therapy
using bisphosphonétes (incadronate) was performed in-addition
to chemotherapy (MTX/5-FU). The clinical course of this
patient is shown in Fig. 3. Chemotherapy for gastric cancer
and treatment for DIC were started first, and DIC was no
longer seen when the three courses of these treatments had

finished. However, serum ALP levels, which represented the

" extent of bone metastases, still remained at a high level, thus,

a-bone-targeted therapy using bisphosphonates (incadronate)
was started in addition to chemotherapy. As a result, serum
ALP levels began to reduce along with the serum levels of

-2 tumor marker, sialy! Tn-antigen (STN), and the reduced

levels of serum ALP and STN were maintained for 6 months.

However, the patient then died because- of ‘progression of
DIC. '

Expression of RANKL and PTHrP in gastric cancer. We
performed immunohistochemistry for RANKL and PTHrP to
identify any factors related to pathogenesis regarding the
development of bone lesions in disseminated carcinomatosis
of the bone marrow. RANKL showed positive staining in
the gastric cancer tissue specimens from -6 of 9 patients
(Fig. 4a and b), while PTHIP was positively stained in the
same specimens in 3 of 9 patients (data not shown). In the
bone marrow specimens, on the other hand, positive staining
for RANKL was found in the gastric cancer cells invading
the bone marrow in 2 patients examined (Fig. 4c and d),
whereas PTHIP was not positively stained in these cells (data
not shown).

We also examined the expression of these proteins
immunohistochemically in the gastric cancer specimens
without any metastasis as a control. RANKL was positively
stained in only one of 11 patients, while PTHrP was positively
stained in 3 of 11 patients (data not shown).

Discussion

Disseminated carcinomatosis of the bone marrow is accomp-
anied by solid tumors and gastric cancer accounts for the
majority of such cases (1-3), although the incidence of this
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Figure 4. Representatives of immunohistochemistry for RANKL in gastric cancer demonstrating disseminated carcinomatosis of the bone marrow (case 9).
(a) The findings for hematoxylin and eosin staining of gastric cancer show moderately differentiated adenocarcinoma (x20). (b) Immunohistochemistry for
RANKL in a serial section of the same specimen in (a), RANKL shows positive staining predominantly in the cytoplasm and plasma membrane of moderately
differentiated adenocarcinama cells (x20). (c) The findings for hematoxylin and eosin staining of a bone marrow aspiration smear show infiltration of atypical
epithelial cells indicating metastasis from known gastric cancer (x20). (d) Immunohistochemistry for RANKL in a serial section of the same specimen in (c).
RANKL shows positive staining predominantly in the cytoplasm and plasma memibrane of metastatic gastric cancer célls as is seen in the primary lesion (b) (x20).

condition is rare. In this condition, cancer cells diffusely
infiltrate the bone marrow followed by explosive prolifer-
ation, which causes bone destruction and hematological
complications. However, the pathogenesis for the develop-
ment of bone lesions is still poorly understood. In the present
study, we examined the characteristic clinicopathological
features of disseminated carcinomatosis of the bone marrow
from gastric cancer based on the clinical findings. of our
patients. The typical features included a younger patient age,
an -elevation in the serum ALP and/or LDH, extensive bone
metastases with osteolytic bone destruction, a low incidence
of hypercalcemia and histological types of gastric cancer with
signet ring cell carcinoma or poorly differentiated adeno-
carcinoma. Only a few cases in a case report are available
regarding disseminated carcinomatosis of the bone marrow.
Morimatsu et al (7) examined 11 autopsy cases of gastric
cancer patients with diffuse bone marrow metastasis, and
found the patients to be relatively young (mean 47 years) while
9 of 11 cases had a signet ring cell component. These results
are consistent with the findings in the present study.

The prognosis of these patients was poor regardless of the
treatment. However, the survival period of the patients treated
with chemotherapy was significantly longer than that for those
without chemotherapy. Furthermore, the survival period of
the patient treated with bisphosphonates in addition to chemo-
therapy was longer than that of the patients with chemo-
therapy alone although only one case was treated with bis-
phosphonates. Chemotherapy has been reported to improve
the prognosis of metastatic gastric cancer (8). In addition, a
new approach for the treatment for bone metastasis using
bisphosphonates has been established (9). Bisphosphonates
have an anti-proliferative effect on cancer cells by decreasing

the Supply of growth factors from the bone through the
inhibition of bone resorption (10,11). Currently, nitrogen-

-containing bisphosphonates have been shown to inhibit

cancer cell proliferation directly through the inhibition of the
mevalonate signaling pathway -(12-14). Bisphosphonates
seem to be included in the treatment arm in combination with
chemotherapy against disseminated carcinomatosis of the
bone marrow.

To elucidate the pathogenesis of the development of bone
lesions in disseminated carcinomatosis of the bone MAITow, we
immunohistochemically examined the expression of RANKL
and PTHIP, which are master regulators of osteoclast differ-
entiation and activation, in gastric cancer tissue and bone
marrow specimens of these patients. Among various cancers,
the expression of RANKL was found in myeloma ( 15,16)
and/or ATL cells (17); whereas such expression was rare in
solid tumors (18). In the present study, we demonstrated the
high incicence of the expression of RANKL in gastric cancer
cells, which extensively invaded the bone compared to that in
gastric cancer without any metastasis. To our knowledge, this
is the first study demonstrating the expression of RANKL in
gastric cancer cells. This finding raises the possibility that
gastric cancer cells act directly on osteoclast precursor cells
via RANKL to promote osteoclast formation. This finding
seems to imply the mechanism responsible for developing bone
lesions in disseminated carcinomatosis of the bone marrow.
We also found the expression of PTHrP in the gastric cancer
tissue specimens obtained from patients with disseminated
carcinomatosis of the bone marrow. However, its incidence
was lower than that of RANKL, and similar to that of PTHP
in the control patients without any metastasis, PTHrP eXpr-
ession has been identified within tumor cells in 71 of 92
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patients with gastric cancer (19). PTHrP expression might
not be a specific event for the gastric cancer associated with
disseminated carcinomatosis of the bone marrow.

In summary, RANKL, which is expressed in gastric cancer
cells, is considered to play an important role in the development
of bone lesions in disseminated carcinomatosis' of the bone
marrow by gastric cancer. Bone-targeted therapy using bis-
phosphonates, in addition to chemotherapy, is recommended
as the treatment of choice for patients with this condition.
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Predictive Factors of Lymph Node Metastasis in Patients
With Undifferentiated Early Gastric Cancers
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Background: For intramucosal differentiated early gastric cancer
that has little risk of lymph node metastasis, local treatment
such as endoscopic mucosal resection has been generally
accepted as an adequate treatment. We studied clinicopatholo-
gical characteristics of undifferentiated early gastric cancer at
our institution to identify the predictive factors for lymph node
metastasis and qualify lesions that should be referred for
gastrectomy and not endoscopic mucosal resection.

Methoeds: We retrospectively analyzed the clinicopathological
features (patient age and gender, tumor size, location, macro-
scopic type and histological type, presence of ulceration, depth
of tumor invasion, and lymphatic-vascular involvement) in 332
patients with undifferentiated early gastric cancer who under-
went gastrectomy with regional lymph node dissection.

" Results: Lymph node metastasis was observed in 45 patients
(14%). Univariate analysis revealed that depth of tumor
invasion (submucosa), tumor size (> 30mm), and lymphatic-
vascular involvement (positive) were associated with lymph

node metastasis. Only lymphatic-vascular involvement (positive) -

was found to have a significant association (odds ratio, 7.4; 95%
confidence interval, 2.9-19.0) by multivariate analysis.

Conclusions: Lymphatic-vascular involvement was the only
independent predictive risk factor for lymph node metastasis.
This pathologic factor was not useful for identifying patients at
high risk of lymph node metastasis who should be offered
gastrectomy rather than endoscopic mucosal resection.
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arly gastric cancer (EGC) is defined as cancer localized

to the mucosa or submucosa, regardless of lymph
node metastasis. Radical gastrectomy with regional
lymphadenectomy is the “gold standard” treatment for
patients with EGC." The incidence of EGC has been
increasing because of advances in diagnostic procedures.?
However, because the incidence of lymph node metastasis
in intramucosal EGC is approximately 3% and that in
submucosal BGC is around 20%,> gastrectomy with
regional. lymphadenectomy may be overtreatment for
many patients with EGC.

Several studies have identified risk factors that are
predictive of lymph node metastasis in EGC>7 It is
known that histelogically undifferentiated. intramucosal
EGC tends to have lymph node metastasis more often
than - differentiated intramucosal EGC.>” The survival
rate for those with lymph node metastasis is significantly
lower than for those without lymph node metastasis.>%®
Some groups report a better prognosis for early signet
ring cell carcinoma than for other types of cancer,” but
this is controversial.’® For intramucosal EGC that has
little risk of lymph node metastasis, local-treatment such
as endoscopic mucosal resection (EMR) has been
generally accepted as an adequate treatment. EMR is
employed when an intramucosal cancer is diagnosed as
differentiated adenocarcinoma, is <2cm in diameter,
and has no central ulceration.*>

Recently, a new method of EMR, so-called endo-
scopic submucosal dissection (ESD), has been developed.!!
Compared with classic methods such as strip biopsy, ESD
can remove a larger size of gastric mucosa as a single
fragment with an adequate, safe negative margin.'?
Complete removal of the lesion in a single fragment is

. essential for an accurate histological diagnosis to determine

whether EMR alone will be curative. Several institutions
have suggested that use of EMR should be extended to
larger, differentiated intramucosal EGCs because lesions
< 30mm in diameter without lymphatic-vascular invasion
or ulceration have little risk of lymph node metastasis.
However, there have been few reports about lymph node
metastasis from undifferentiated EGC," and the applic-
ability of local treatment for it is unknown.

One of the critical factors that- needs to be
considered in choosing local treatment for EGC is the
accurate prediction of whether lymph node metastasis is
present. In this study, we retrospectively analyzed the

J Clin Gastroentero! » Volume 40, Number 5, May/june 2006
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clinicopathological .characteristics of undifferentiated
EGC by reviewing cases that had been treated previously
at our institution in order to identify predictive factors of
lymph node metastasis and qualify lesions that should be
referred for gastrectomy and not EMR.

PATIENTS AND METHODS
Between January 1989 and April 2005, 1,004
patients with EGC underwent gastrectomy as an initial
treatment at the National Hospital Organization Shikoku
Cancer Center. Among these, 398 patients had undiffer-
entiated EGC. Cases of multiple lesions and cases without

regional lymph node dissection were excluded from this

study, giving a final total of 332 patients whose
clinicopathological features were ‘retrospectively ana-
lyzed. They comprised 160 men and 172 women whose
mean age was 58.0 years (range, 20 to 87 years), with a
mean tumor size of 36.5 mm (range, 1 to 130 mm). Cancer
description and histological évaluation of resected speci-
mens were performed in accordance with the Japanese
Classification of Gastric Carcinoma.’*

‘ A set of sections of the stomach parallel to the lesser
curvature were made, and the histological classification
was based on the predominant pattern of the tumor.
Poorly differentiated adenocarcinoma, signet-ring cell
carcinoma, and mucinous adenocarcinoma were regarded
as undifferentiated. - Lymph nodes were cut into two
_ pieces, and the cut surfaces were examined to define the

status of the nodes. Lymph node metastasis was identified
with use of hematoxylin and eosin staining, and ulcera-
tion was defined- histologically if fibrosis or deformity in
-the submucosal layer or deeper was observed.

“Tumors were classified macroscopically into two
groups: protruded (types 0 I and 0 IIa) or depressed
(types 0 IIb, 0 Ilc, and 0 III). Lesions showing a
combination of these types were classified into a mixed
group. The association between each of the nine

" clinicopathological factors and .the presence or absence
of lymph node metastasis was examined to identify nsk
factors predictive of lymph node metastasis.

Univariate analysis was performed with use of the
chi-square test. Subsequently, significant factors identified
by univariate analysis were included in the multivariate
stepwise logistic regression analysis to evaluate the
independent risk factors for lymph node metastasis. The
odds ratio in the multivariate analysis was defined as
the ratio of the probability that an event would occur to

. the probability that it would not occur. Statistical analyses
were performed with use of the Statistical Package for
Social Science (SPSS 11.5 for Windows, SPSS, Chicago,
IL). Differences of P < 0.05 were considered significant.

RESULTS

Univariate Analysis of Risk Factors Predictive
of Lymph Node Metastasis

- Of the 332 patients with undifferentiated EGC, 45
(14%) had lymph node metastasis. Lymph node meta-

© 2006 Lippincott Williams & Wilkins

“submucosal cancers.

stasis was observed in eight (5%) of the 177 patients with
intramucosal cancers and in 37 (24%) of the 155 with
Nine clinicopathological factors
were examined: patient age and gender, tumor size,
location, macroscopic type and histological type, presence
of ulceration, depth of tumor invasion, and lymphatic-
vascular involvement. Univariate analysis revealed
that the depth of tumor invasion (submucosa), tumor
size (>30mm), and lymphatic-vascular involvement
(positive) were associated with lymph node metastasis
(Table 1).

Multivariate Analysis of Risk Factors Predictive
of Lymph Node Metastasis

Only lymphatic-vascular involvement (positive) was
shown to have a significant association (odds ratio, 7.4;
95% confidence interval, 2.9-19.0) by multivariate
analysis (Table 2).

Survival

Median period of follow-up was 505 months
(range, 0 to: 199 months). Survival curves for patients

with and without lymph node metastasis are shown in -

- TABLE 1. Univariate Analysis of Risk Factors for Lymph Node

Metastasis in Patients With Undifferentiated Early Gastric
Cancer (EGO)

Lymph Node Metastasis

Positive Negative

Factor (%) n =45 n =287 .P Value
Age, years )

<59 19 (11%) 151

>59 : 26 (16%) 136 0.256
Gender )

Male 21 (13%) 139

Female 24 (14%) 148 0.952
Location - '
_ Upper third 6 (17%) 29

Middle third 30 (13%) 195

Lower third 9(13%) 63 0.794
Macroscopic type

Protruded 3 (33%) 6

Depressed 40 (13%) 275

Mixed 2(25%) 6 0.129
Ulceration

Negative 23 (15%) 131

Positive 22 (12%) 156 0.601
Depth of invasion :

Mucosa 8 (5%) 169

Submucosa 37 (24%) 118 < 0.001
Histological type

Poorly differentiated 28 (17%) 137

adenocarcinoma

Signet ring cell carcinoma 15 (9%) 144

Mucinous adenocarcinoma 2 (25%) 6 0.089
Size of tumor

< 30mm 12 (8%) 140

> 30mm 33 (18%) 147 0.00%
Lymphatic-vascular involvement

Negative 13 (5%) | 236

Positive 32 (39%) 51 < 0.001

Values are number of cases.
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TABLE 2. Multivariate Analysis of Risk Factors for Lymph Node
Metastasis in Patients With Undifferentiated EGC

Odds Ratio
Factor (95% CI) P Value
Lymphatic-vascular involvement 7.42 (2.89-19.03) <0.001
(positive)
Size of tumor ( > 30 mm) 1.98 (0.92-4.22) 0.079
Depth of invasion (submucosa) 1.75 (0.60-5.13) 0.310

CI, confidence interval,

Figure 1. The 5-year survival rate was 96.7% for those
without lymph node metastasis and 91.4% for those with
lymph node metastasis. There was no statistical difference
in overall survival rate between patients with or without
lymph node metastasis. Of the patients with lymph node
metastasis, three died of recurrence of gastric cancer (one
with bone metastasis, one with bone and lymph node
metastasis, and one with lymph node metastasis). Of the
patients without lymph node metastasis, one died of liver
metastasis.

DISCUSSION

EGC has been reported to have a favorable
prognosis after gastrectomy.!® Lymph node metastasis is
one of the most important prognostic factors for patients
with EGC; the survival rate for patients with lymph node
metastasis- is significantly lower.than for those without
it.>'* However; the incidence of lymph node metastasis in
intramucosal EGC is approximately 3%, whereas that in
submucosal EGC is 20%. Excessive gastrectomy and
lymphadenectomy may affect perioperative morbidity
and mortality.!” Therefore, minimally invasive treatments
such as EMR and laparoscopic wedge resection are
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FIGURE 1. Survival curves for patients with and without

lymph node metastasis. There was no statistical difference
between them. *
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considered to be appropriate options for EGC patients
without lymph node metastasis. '

A new EMR technique that allows complete
removal of a large lesion as a sin%le fragment with an
insulation-tipped diathermic knife'! is promising for
accurate histological examination of a specimen and
subsequent determination of whether local treatment
alone will be curative. Although undifferentiated EGC
is reported to have more lymph node metastasis than
differentiated EGC,%7 histological type has no association
with survival.'® Our survival data showed no statistical
difference in overall survival rate between patients with or
without lymph node metastasis. This may be due to the
short follow-up period.

Current application of EMR is limited to differ-
entiated EGC; thus, we sought to expand the use of EMR
to undifferentiated EGC by retrospectively examining
undifferentiated EGC to determine predictive factors of
lymph node metastasis. Univariate analysis revealed three
clinicopathological risk factors: depth of invasion, tumor

_size, and lymphatic-vascular involvement. These factors

correlate with those reported previously for both differ-
entiated and undifferentiated EGC by multivariate
analysis.>*%® Because lymphatic-vascular vessels are less
likely to appear in the mucosal layer than in the

- submucosal layer, it would be reasonable to expect that

submucosal tumors would have a more frequent associa-
tion with lymph node metastasis than intramucosal
tumors. _ o » ‘

In the present study, multivariate analysis demon-
strated that the presence of lymphatic-vascular involve-
ment was the omly independent predictive factor for
lymph node metastasis, in agreement with previous
studies of undifferentiated EGC.!> Although lymphatic-
vascular involvement seems to identify a high-risk
population that perhaps should not be offered EMR,
this can be determined only after a gastrectomy or EMR.
Thus, this pathologic feature is not useful in EMR. There
was no proper predictive factor to identify patients with
undifferentiated EGC at high risk for lymph node
metastasis who should be offered gastrectomy rather
than EMR.

In our study, small, undifferentiated EGCs
< 10mm in size without lymphatic-vascular involvement
had no lymph node metastasis, but with the narrow range
of cases (seven in the mucosa and six in the submucosa),
the statistical significance is too limited to make any
conclusions. However, our trend is consistent with that
described by Gotoda et al,® in which zero of 141 patients
with undifferentiated intramucosal EGCs < 20mm in size
without ulceration had lymph node metastasis. In our
study, one undifferentiated intramucosal EGC < 20 mm
(13mm) in size without ulceration and without lympha-
tic-vascular involvement had lymph node metastasis.
Contrarily, Abe et al reported that lymph node metastasis
was found in small, undifferentiated intramucosal EGC
(10mm and 12 mm) without ulceration.'?

The prognosis for patients with differentiated EGC
who undergo EMR ‘is favorable.’ Still, there is

© 2006 Lippincott Williams & Wilkins
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some concern about how micrometastasis affects the
survival. rate; Lee et al®® reported that patients with
micrometastasis had a lower 5-year survival rate than
patients without micrometastasis, especially in Stage 1A.
It is suggested that micrometastasis is.-missed on conven-
tional histological examination and that immunohisto-
chemical examination is needed. Although there has been
no report on the prognosis for patients with undiffer-
entiated EGC treated by EMR, Ishida et al*' reported
that micrometastasis was more frequent in the undiffer-
entiated type than in the differentiated type, and it is
feared that cases of small, undifferentiated EGC treated
with EMR could potentially recur with lymph node
metastasis, ,

Currently the treatment procedure is decided on the
basis of clinical findings, and despite recent improvements
in diagnostic techniques, it is sometimes difficult to define
the tumor margin and tumor depth by endoscopic
examination.”? The accuracy of determining tumor depth
is reported to be significantly lower for undifferentiated
tumors-than for differentiated tumors and lower for a
depressed tumor than for an elevated one.?* Miyata et al®*
reported that the complete resection rate of EMR for
EGC in poorly differentiated adenocarcinoma was lower
than in differentiated types.

According to our results, lymphatic-vascular invol-
vement was the only independent predictive risk factor
for lymph node metastasis. However, this cannot be
confirmed before surgery or EMR. This pathologic factor
was.not useful to identify patients.at high risk for lymph
node metastasis who should be offered gastrectomy rather
than EMR. Clinical characteristics such as tumor size and
depth were not so strong predictors for lymph node
Imetastasis in our study. Therefore, it is prudent to choose
EMR as a therapeutic procedure for patients with
undifferentiated intramucosal EGCs.
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Team Approach for Treatment of Patients with Cancer, How to Cooperate with Staffs of Other Medical Institutions—A

Recent Trend in Japan: Masahito Tanimizu, Yuki Kikuuchi, Chiaki Funada, Kikuko Kameshima, Akira Kurita and

Shigemitsu Takashima (National Hospital Organization, Shikoku Cancer Center)

Summary

For the team approach to patients with cancer, both of consistency of medical services and patient's

satisfaction are important. Japanese health care reform planning prescribes an establishment of a section which

accepts patient'’s consultation and provides proper advice or information. Technology - of the internet is also

promising for team approaches with staffs of other medical institutions as well as the patient support section in
. the cancer centers. Key words: Patient support, Consistency of medical services, Patient’s. satisfaction, the Internat,
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