J Mol Med (2014) 92:1271-1281

levels and primary tumor growth as compared to D3H2LN
alone, indicating that recruited CAFs (MEFs) further con-
tributes to the host OPN levels and tumor growth. However,
mOPN plasma levels were similar between mice injected
with D3H2LN cells alone or D3H2LN with OPN KO-
MEFs, indicating that MEFs-derived OPN did not contrib-
ute to the increase of host-derived OPN in tumor-bearing
mice. In another words, host-derived cells in tumor-bearing
mice produce OPN enough to increase plasma level. More
importantly, our data demonstrated that not only MEFs-
derived factor(s) but also OPN are involved in primary
tumor growth (Fig. 7a).

Thirdly, we provide new mechanisms about how recruit-
ment of CAFs into tumor tissues can be regulated. It is well-
known that tumor inoculation induces recruitment/appearance
of CAFs [9, 26]. It has been shown that malignant tumor cells
secrete OPN and that OPN activated bone marrow-derived
stromal precursor cells (Scal “ckit BMC) migrate into low
malignant tumor tissues (indolent cells), where Scal®ckit
BMC activated CAFs, leading to the acquisition of malignant
phenotype of indolent cells [6, 27]. However, how production
of tumor-derived OPN is regulated and how recruitment/
appearance of CAFs is induced in those studies has not been
demonstrated. Consistent with previous reports [9, 26], tumor
inoculation induced the appearance of endogenous CAFs
(Fig. 5¢). We demonstrate that the recruitment/appearance of
FAP-positive CAFs was regulated by tumor «9f1 integrin
(Fig. 5¢). This finding is of importance since tumor volume
and numbers of CAFs were well correlated (Fig. Sc right
column). A potential mechanism for induction of soluble
factor(s) by «9(3 1-mediated signaling might be as follows. It
was previously shown that PDGF-CC could recruit CAFs [9];
however, the expression level of PDGF-CC in tumor tissues
were not influenced by anti-ha9f1 antibody-treatment (data
not shown), indicating that PDGF-CC was not involved in the
recruitment of CAFs under our experimental conditions.
«9f 1 integrin activates NF-«kB via PI3K pathway in neutro-
phil [28, 29]. NF-kB, which is activated by PI3K pathway in
tumor cells, induces the production of cytokines, which pro-
mote the establishment of tumor microenvironment [30]. We
found that the stimulation of D3H2LN cells by Tnfn3-RAA, a
recombinant fragment of TN-C, which contains the a9{31
integrin-binding site [31] or OPN-N-half induces phosphory-
lation of Akt (data not shown). Therefore, 931 integrin-
mediated signaling may regulate NF-kB via PI3K pathway,
and promotes the expression of soluble factor(s), that re-
cruit(s) CAFs. We previously reported that «931 integrin-
mediated signaling induces the production of IL-6 via MEK/
ERK pathway in conventional dendritic cells [31]. Tumor-
derived IL-6 activates CAFs [32]. Therefore, MEK/ERK path-
way also may be involved in 931 integrin-mediated signal-
ing, leading to the production of soluble factor(s), which
recruit(s) CAFs.
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Fig. 7 CAF-derived OPN enhanced tumor growth, but not lymphatic
metastasis. a Tumor volumes were measured up to day 25 after inocula-
tion of D3H2LN cells (green triangle: n=10) or with either WT- (blue
rhombus: n=9) or OPN KO-MEFs (red square: n=10). As negative
controls, WT-(violet cross: n=5) or OPN KO-MEFs (aqua blue asterisk:
n=5) only were inoculated (/eft panel). Tumor weights on day 25 were
measured (right panel). Bars indicate mean values+=SEM. **p<0.01,
ANOVA with post test analysis (PLSD). b The concentration of host-
derived OPN (mOPN) in plasma on day 25. D3H2LN cells alone (n=10),
or with either WT- (n=9) or OPN KO-MEFs (n=10) were inoculated.
WT- (n=5) or OPN KO-MEFs (n=5) without tumor cells were also
inoculated. Plasma mOPN levels were measured by ELISA. Bars indicate
mean values+=SEM. N.S. No significant difference, **: p<0.01, ANOVA
with post test analysis (PLSD). ¢ The incidence of lymphatic metastasis
on day 25. D3H2LN cells alone (n=10), or with either WT (n=9) or OPN
KO-MEFs (n=10) were inoculated and metastatic lymph nodes were
detected using IVIS. N.S. No significant difference, **: p<0.01, X test

Fourthly, we demonstrate that tumor 931 integrin was
involved in lymphatic metastasis. Blockage of tumor o931
integrin-mediated signaling by anti-ha9f31 antibody reduced
the incidence of lymphatic metastasis at day 30 after inocula-
tion of breast cancer cells into nude mice (Fig. 4a). Although
the incidence of lymphatic metastasis was comparable be-
tween control IgG and anti-ha931 antibody-treated groups
at later time points, metastatic burden was reduced by anti-
ha9p1 antibody (Fig. 4b). Of note, the proliferation rate of
cancer cells in metastatic sites was not changed by anti-ha931
antibody (Supplementary Fig. S2). As shown in Fig. 3b, in-
hibition of tumor growth by anti-ha9f31 antibody was not
complete. Therefore, it is likely that tumor cells which escaped
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Fig. 8 The role of tumor-derived
«9B1 integrin and CAF-derived
OPN in tumor growth and
metastasis. (/) Tumor-derived
«9f1 integrin-mediated signaling
triggers the recruitment of CAFs
into the primary tumor. (2) In the
primary tumor, tumor cells
interact with CAF's through the
soluble factor(s). (3) Then, these
interactions induce the production
of OPN from CAFs. (4) CAF-
derived OPN enhances tumor
growth in the primary tumor
tissue. RGD-recognizing
integrins, such as av33 or «5f31
integrin may be involved in this
process. (5) CAFs enhance
lymphatic metastasis by OPN-
independent mechanisms. The
tumor-derived «9f31 integrin-
mediated signaling also promotes
invasion of tumor cells, thereby
enhancing lymphatic metastasis

Primary tumor

Tumor-a981
-mediated signaling

(1)CAFs
recruitment

from anti-antibody treatment were responsible for tumor me-
tastasis. In addition, CAFs are quite heterogenous cell popu-
lations [33]. Therefore, CAFs between primary and metastatic
tumors might be functionally distinct. CAFs within primary
tumor cells but not metastatic sites contributes to tumor
growth in tumor 9 1-dependent fashion. We also found that
tumor x93 1 integrin-mediated signaling regulated invasion of
breast cancer cells in vitro (Fig. 2a). Thus, the reduction of
metastatic burden by anti-ha931 antibody mlght be due to the
impairment of cell motility.

Finally, it is of importance to discuss at which step tumor
«9p1 and binding of OPN to 931 are involved. We found
that in vitro stimulation of D3H2LN cells by full-length form
of mOPN (which binds to RGD-recognizing integrin includ-
ing avP3 and «531), but not N-half-RAA OPN (which
expresses 93 1-binding site [10]), induced proliferation of
tumor cells (data not shown). Note that D3H2LN cells express
avPB3 and a5pB1 (Fig. 1c). Therefore, CAFs-derived OPN
may bind to tumor-avP33 and «5p31 and promote tumor
growth. In summary, as depicted in Fig. 8, (1) Our data
demonstrate that primary tumor growth was regulated by
tumor 9B 1 integrin. In addition, tumor aggressiveness was
also regulated by tumor x93 1 integrin. (2) The levels of host-
derived OPN production were well correlated with tumor
volume and number of CAFs. Host-derived OPN production
was regulated by tumor «931 integrin. (3) Recruitment of
CAFs into tumor tissues was regulated by tumor a9f31
integrin. (4) Primary tumors induce CAFs to produce OPN
by through secrete soluble factor(s). (5) CAF-derived OPN
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was involved in primary tumor growth. Taken together, our
studies suggest that tumor «931 integrin may be an attractive
therapeutic target for breast cancer.
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Abstract

Purpose To understand the current situation of the
development and publication of cancer clinical practlce
guidelines and discuss an ideal structure in future.
Methods A questionnaire survey pertaining to-the devel-
opment and publication of cancer clinical practice guide-
lines was conducted with funding by a Health and Labour
Sciences Research Grant. Respondents included presidents
and chairpersons of academic societies developing guide-
lines and members of the Cancer Gurdehnes Committee of
the Japan Society of Clinical Oncology who were spe-
cialists in various cancer sites.

Results Concerning the -question of . fundmg for the
development and publication of the guidelines, 80.7 % of
respondents indicated that partial public ~funding is
required. As for the flow of public funds, 80.4 % of
respondents thought that funds should be distributed
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appropriately to each academic society by a third-party
organization. Regarding the question about the publication
of the guidelines, 82.5 % of respondents replied that a
comprehensive publication site needs to be established. In
terms of the choice of organization that would be respon-
sible for setting up and managing this site, the responses
varied as follows: “a newly established organization”
(38.3 %); “Center for Cancer Control and Information
Services” (29.8 %); “Japan Society of Clinical Oncology”
(23.4 %); and “Medical Information Network Distribution
Service” (23.4 %) (multiple answers allowed).
Conclusion .. While the . guidelines should be developed
voluntarily by each academic society, partial public fund-
ing is also considered to be necessary for maintaining the
continuous revision process. As for the publication of the
guidelines, the establishment of a new comprehensive
publication site would improve user convenience.

Keywords = Clinical Practice Guidelines (CPG) - Center
for Cancer Control and Information Services - Japan
Society of Clinical Oncology (JSCO) - Medical
Information Network Distribution Service (MINDS) -
Cancer Control Act

Introduction

The Basic Plan to Promote Cancer Control Programs was
established in accordance with the Cancer Control Act of
2006. This plan states that it supports the development and
revision of cancer clinical practice guidelines (CPG). CPG
maintenance is an important issue as one of the objectives of
national policy. The Gastric Cancer Treatment Guidelines
published in 2001 paved the way for subsequent cancer CPG
in Japan. Many CPG have since been published, supported
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by public research funds and the efforts of the academic
societies. Each academic society develops guidelines to a
high academic standard. They voluntarily engage in the
development of the guidelines as a social contribution, rec-
ognizing that this is one of their missions. However, ongoing
revision of the guidelines burdens academic societies
financially and administratively, especially societies with a
small membership and those dealing with rare cancers.
Along with publishing printed guidelines, academic socie-
ties post their guidelines on their websites. Furthermore, they
provide guidelines to organizations such as the Japan Society
of Clinical Oncology (JSCO) and the Medical Information
Network Distribution Service (MINDS). However, the
guidelines are not all provided to both JSCO and Minds; as a
result, when a user searches JSCO or MINDS for a guideline,
itis not always found. In addition to this user inconvenience,
the problem of inconsistent updates has been pointed out as a
factor that may be confusing users.

The National Comprehensive Cancer Network (NCCN)
Guidelines is regarded as one of the most valuable and
credible cancer guidelines in Japan: Reasons for the pop-
ularity of the NCCN guidelines include: (1)-frequent
revisions and constant updates that maintain a latest-ver-
sion status; (2) ease of browsing owing to the standard
format; and (3) ease of access to various guidelines. These
advantages are enabled by the well-established infrastruc-
ture of the NCCN, which consists of the Guidelines
Steering Committee, Guidelines Panels, and Guidelines
Staff. The Guidelines Steering Committee is in charge of
spearheading and coordinating the overall direction, the
Guidelines Panels develop the guidelines, and the Guide-
lines Staff attend to administrative tasks. Such a division of
labour in- NCCN brings a gain-in efficiency [1]. This
infrastructure has been regarded as an exemplary model for
Japan’s cancer CPG project and is a matter requiring
immediate attention.

Thus, a questionnaire survey was conducted to assess
the current situation of the development and publication of
cancer CPG with funding by Health and Labour Sciences
Research Grant. Based on the results of the survey, we
intend to propose a new organizational structure that will
facilitate the future development and publication of cancer
CPG in Japan.

Subjects and methods

A questionnaire survey pertaining to the development and
publication of cancer CPG was conducted with funding by
Health and Labour Sciences Research Grant. A total of 57
cancer CPG experts participated in the survey; specifically,
23 presidents or chairpersons from academic societies which

@ Springer

Table 1 Contents of questionnaire survey pertaining to the devel-
opment and publication of cancer CPG

No. Questions

1 What is the scope of your responsibility vis-a-vis your
responses to this questionnaire?

2 How many individuals or facilities does your academic society
consist of?

3 Please describe the committee that developed your cancer CPG
and provide the number of committee members

4 Please describe the budget required for cancer CPG
development and management in your academic society

5 What progress have you made toward releasing a printed cancer
CPG publication?

6 ‘What progress have you made toward making your cancer CPG
publication available on the Internet?

7 Please describe the current content of recommendations when
developing cancer CPG

8 Please describe the method used to determine the level of
recommendation in cancer CPG

9 Please describe the amounts and sources of funds for k
development of the first edition cancer CPG

10 Which is the desirable financial support for the development
and publication of the cancer CPG (multiple answers
allowed)?:

11 - Please describe how you manage funds for use in developing
cancer CPG?

12~ Which would be the desxrable ﬂow of public research funds
(multiple answers allowed)”

13 Which would be an appropriate third-party organizaﬁon for
distribution of public research funds (multiple answers
allowed)?

14 What types of work, if any, would you want to outsource to
others when developing cancer CPG? e

15 - What kinds: of support, if any, do you think organizations
developing cancer CPG for the first time, or even .
organizations with practical experlence in_developing cancer
CPG, requxre"

16 Do you think that a comprehensxve pubhcatlon site of cancer
CPG such as NCCN is necessary?

17 Where should a comprehensive publication site of cancer CPG
be set up'(multiple answers allowed)?

18 What do you require to provide cancer CPG for the
comprehensive publication site (multiple answers allowed)"

19 What problems do you anticipate in developing cancer CPG in
the future? (multiple answers allowed)

20  If an organization were to be newly established in order to
facilitate collaboration among academic parties dealing in
cancer CPG, would your academic society participate in it?

CPG Clinical Practice Guidelines

develop cancer CPG and 24 field representatives in JSCO’s
Cancer Guidelines Committee. The latter 24 are nominated
by each academic society. The questionnaire was composed
of 20 questions regarding the following: (1) progress status;
(2) desirable financial support; and (3) . organizational
structure for developing and publishing cancer CPG
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Fig. 1 Financial support for the
development and publication of
the cancer CPG. Q10: “Which
is the desirable financial support
for the development and
publication of the cancer CPG
(multiple answers allowed)?”

Use only self-funding by academic societies

[] Presidents or Chairpersons

Fig. 2 Desirable flow of public
research funds. Q12: “Which
would be the desirable flow of
public research funds (multiple
answers allowed)?” *46
respondents who replied “Have
partial financial support from
public research funds” in Q10

Distribute directly to each academic society

Distribute directly to each researcher

Have partial financial support from public research funds | g i 24 :

Conduct as a public project

Distribute appropriately to each academic society by a
third-party organization

Others

4 n=57
No response

0 10 20 30 40 50

Field Representatives

n=46*

0 10 20 30 40

[] Presidents or Chairpersons Field Representatives

(Table 1). The response rate for the questionnaire was
100 %. In this paper, we discuss the survey results with
regard to desirable financial support and organizational
structure for devéloping and publishing the cancer CPG.

Results
Financial support from public research funds

Regarding the question of funds for the development and
publication of the guidelines, the most frequent response
(80.7 %) was “Have partial financial support from public
research funds” (Fig. 1). Other responses included “Con-
duct as a public project” (10.5 %) and “Use only self-
funding by academic societies” (8.8 %) (Fig. 1). Con-
cerning the desirable flow of public research funds,

“Distribute appropriately to each academic society by a
third-party organization” was the most frequent response
(80.4 %). Other responses included the following: “Dis-
tribute directly to each academic society”  (21.7 %) and
“Distribute directly to each researcher” (4.3 %) (Fig. 2).
As for an appropriate third-party ‘organizatiqn, the
responses were as follows: “JSCO” (54.1 %); “A newly
established organization” (43.2 %); “MINDS” (21.6 %);
and “Center for Cancer Control and Information Services”
(8.1 %) (Fig. 3). ' '

Comprehensive publication site for the cancer CPG
Concerning the demand for a comprehensive publication
site for the cancer CPG such as NCCN, 82.5 % of the

respondents replied “Necessary” (Fig. 4). In terms of
where a comprehensive publication site is set up, responses
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Fig. 3 Appropriate third-party
organization for distribution of
public research funds. Q13:
“Which would be an
appropriate third-party
organization (multiple answers
allowed)?” #37 respondents
who replied “Distribute
appropriately to each academic
society by a third-party
organization” in Q12. JSCO
Japan Society of Clinical
Oncology, MINDS Medical
Information Network
Distribution Service

Fig. 4 Demand for a
comprehensive publication site
of cancer CPG. Q16: “Do you
think that a comprehensive
publication site of cancer CPG
such as NCCN is necessary?”
CPG Clinical Practice
Guidelines, NCCN National
Comprehensive Cancer
Network

FlgS Appropriate web site to
exhibit cancer CPG -

comprehensively. Q17: “Where

should a comprehensive
publication site of cancer CPG
be set up (multiple answérs
allowed)?” *47 respondents
‘who replied that it was
“necessary” for a
comprehensive guidelines
publication site in Q16. JSCO
Japan Society of Clinical
Oncology, MINDS Medical
Information Network
Distribution Service
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Fig. 6 Requirements for
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were as follows: “A newly set-up pubhcatlon site”

(38.3 %); “Center for Cancer Control and Information
Services web page” (29.8 %); and “MINDS web page”

and “JSCO web page” (both 23.4 %) (Fig. 5). Require-
ments for providing guidelines to the comprehensive pub-
lication site were “Clerical support” (87.2 %) and
“PFinancial support” (51.1 %) (Fig. 6).

Participation in an orgamzatmn for collaboration
among academic parties

We have thought all along that a new organization needs to
be established in order to facilitate collaboration among
parties involved in cancer CPG. With regard to participa-
tion in a newly established organization, the responses
were as follows: “Definitely participate” (36.8 %); “Gen-
erally participate” (31.6 %); “Participate if needed”

] Field Representatives

(17 5 %), “Unwﬂhngly partlmpate” © %), and “Prefer not
to part1c1pate” (1.8 %) (Fig. 7).

Dissociation of responses between “Presidents
or Chairpersons” and “Field Representatives”

A la.rge dissociation was not observed between the
responses from “Presuients or Chalrpersons and “Field
Representatives”. However, there were slight differences
in responses to questions 13 and 17. For question 13, the
number of responses for “JSCO”, “a newly estabhshed
organization” and “MINDS” was almost the same from
“Presidents or Chairpersons”, whlle “JSCO” ‘had the
largest number of responses from the “Field Representa-
tives” (Fig. 3). For question 17, the number of responses
for “A newly set-up publication site”, “Center for Cancer
Control and Information Services web page” and “MINDS
web page” were almost the same from “Presidents or
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Chairpersons”, while “A newly set-up publication site”
had the largest number of responses from the “Field
Representatives” (Fig. 5).

Discussion

Academic societies develop guidelines in their special
fields with high-level academic policy. They have volun-
tarily engaged in the development of the guidelines as a
social contribution, recognizing this as one of their mis-
sions. However, financial support from public research
funds is thought to be required in order to maintain the
development and publication of cancer CPG because a
disparity in the financial foundation apparently exists
among academic societies. Regarding the question of
financial support, 80.7 % of respondents indicated “Have
partial financial support from public research funds”. The
reason for seeking “partial support” rather than “full
support” may be to maintain autonomy. Most Japanese
CPG are purely based on scientific evidence and so they
differ from the guidelines of the National Institute for
Health and Care Excellence (NICE) in the UK. NICE
guidelines are developed based on cost—effectiveness in
addition to evidence and consequently reflect national
policies [2].

As for the desirable flow of public research funds, many
respondents replied that those funds should be distributed
to each academic society through a third-party organiza-
tion. Concerning a third-party organization, more than half
of the respondents answered that JSCO would be appro-
priate. JSCO is a multidisciplinary academic society of
oncology and its membership concurrently belongs to
many specialized societies for various cancers. In
20062007, JSCO participated in a research program fun-
ded by the Health and Labour Sciences Research Grant as
the secretariat for developing and publishing guidelines for
seven sites of cancers. Subsequently, JSCO has collabo-
rated with vamous academic societies, and the ISCO
Cancer Guidelines Evaluation Committee has evaluated
guldehnes submitted from these societies [3]. Through this
experience, JSCO has become familiar ‘with the inner
workings of each academic soc1ety and possesses com-
prehensive coordination skills. These JSCO characterlstxcs
may be the reason respondents suggested JSCO as a suit-
able third-party organization to distribute public research
funds. Another reason may be that JSCO, unlike MINDS
and the Center for Cancer Control and Information Ser-
vices, is a purely acadermc organization and independent
of national policies. .

As for the publication of cancer CPG, over 80 % of
respondents selected “Necessary” for a comprehenswe site
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like NCCN, where CPG for various cancers are consolidated.
Concentrating all cancer CPG at one site can accomplish the
following: (1) improvement of the convenience of access for
cancer CPG; (2) standardization of the guideline formats;
and (3) regular updating of cancer CPG. As for the setting up
of the comprehensive site, the highest number of respondents
answered “A newly set-up publication site”; however, there
were no answers which reached 50 %. Limited to the
“Presidents and Chairpersons”, the numbers of responses for
“A newly set-up publication site”, “Center for Cancer
Control and Information Services web page” and “MINDS
web page” were almost the same. At this time, opinions are
obviously divided.

If the comprehensive publication site is established,
most of the academic societies will need clerical and
financial support as a requirement for providing guidelines.
Consequently, the organization responsible for the man-
agement of the comprehensive publication site has to meet
these requirements. We have to arrange where the com-
prehensive site should be set up to take account of the
description above.

Concerning answers for partlcxpatlon in an organization
to facilitate collaboration among parties involved in cancer
CPG, 86.0 % of respondents replied “Definitely partici-
pate” or “Generally participate” or “Participate if nee-
ded”. This result may reflect the fact that academic
societies: (1) currently face difficulty in grasping the entire
structure of a project that aims to develop and publish the
guidelines; and (2) need regulations for providing guide-
lines and the flow of funds. Based on our findings in this
study, we propose that the public research funds be col-
lected initially in one organization and distributed to each

“academic society appropriately, and then that the societies

provide their guidelines for a comprehensive publication
site. Additionally, the establishment of a new external
orgamzatlon is desired in order to facilitate collaboration
among the various parties. We suggest the flow of public
funds and process for prov1d1ng guldelmes shown in
Flgs 8 and 9. In this paper, we call the orgamzatlon
responsible. for collecting both pubhc research funds and
guidelines the “Japan Comprehensive Cancer Network
(JCCN)” and the external organization responsible for
facilitating collaboration among the various parties the
“Japan Cancer Clinical Practice Guideline Steering Com-
mittee (JCPG-SC)”. An overview of the details follows:

Appropriate collection and dlstrlbutlon of public
research funds (Fig. 8)

To distribute ﬁnaheia’l’support in the right amount and at the
right time, it is necessary to’ grasp the progress status of
development, updating, and publication of guidelines for
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Fig. 9 Flow of cancer clinical practice guidelines from academic society to end users

each type of cancer while understanding the.inner workings
of each individual academic society. Public research funds
have been distributed for guidelines for each type of cancer
directly from the public sector but this may not be ideally
efficient because public sector institutions need to keep track
of the progress status in the development of each guideline
every fiscal year. Moreover, academic societies have to
handle the administrative process themselves. We believe
that the ideal structure would be to collect public research
funds at JCCN and subsequently distribute them to each
academic society, considering the current state of guideline
development. This structure will allow each academic
society to receive the right amount of funds at the right time.

Concentration of guidéiines and consolidation
of the publication site (Fig. 9)

Many guidelines for various types of cancers are posted on
the JSCO and MINDS websites. However, theses web sites
cannot be called comprehensive sites because neither JSCO
or MINDS website has all-cancer CPG. Furthermore, the
irregular updating of cancer CPG may cause confusion for
the end users. Therefore, the most effective action is to
amalgamate the latest version of all-cancer CPG and con-
solidate the publication site into JCCN. This will allow the
establishment of a convenient and highly reliable com-
prehensive publication site for cancer CPG.
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