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(57) The purpose of the present invention is to pro-
vide a novel medicinal agent that has an effect of de-
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Description

[TECHNICAL FIELD]

[0001] The present invention relates to a microvascular blood flow decreasing agent comprising an immune checkpoint
inhibitor, a method for selectively decreasing blood flow of a microvasculature using an immune checkpoint inhibitor,
and a method for treating tumor or inflammation using said method, etc.

[BACKGROUND ART]

[0002] Cancer cells and stromal cells in cancer tissue secrete angiogenic factors such as vascular endothelial growth
factor (VEGF), and within the tissue form new vascular networks arborizing from existing vascular system. It is considered
that these new vascular networks provide nutrients necessary for the growth of the cancer tissue and provide pathways
for metastasis. Here, for the purpose of preventing nutrient supply from these tumor blood vessels to cancer tissue,
attention has been payed to therapies for inhibiting tumor angiogenesis or for embolizing blood vessels and the like,
and drugs for embolizing small vessels have been developed.
[0003] However, it is difficult to selectively embolize only tumor blood vessels because they form complicated vascular
networks as mentioned above. Therefore, the method adopted in many cases is to inhibit nutritional transmission by
embolizing the original vessel from which tumor vessels arborize. However, this method requires embolizing normal
blood vessels and it is therefore concerned that there may be some influence on normal tissue.
[0004] In recent years, methods for delivering a drug to a specific part of a tissue have been attracting attention. This
method, in which tumor site is specified by e.g., angiography, and a micro-catheter is inserted into the artery that is
responsible for the nutrient supply to that tumor part, and a drug such as an anti-cancer agent is administrated through
that micro-catheter, is called superselective intraarterial infusion, which is capable of selective delivery of drugs at high
concentration to specific site with less side effects as compared to systemic chemotherapy and therefore is considered
to have a high efficacy.
[0005] Thus, endovascular therapy using a medical equipment inserted into a blood vessel has been drawing attention
as being capable of obtaining high efficacy with minimal invasion. However, therapeutic methods to various microvas-
culature including tumor vessels are in fact yet to sufficiently be in practical use in clinical application.
[0006] As the methods for treating cancer, surgical resection by operation, chemotherapy by anti-cancer agent ad-
ministration, and radiotherapy by radiation are said to be the three major therapies. Recently, in addition to these, cancer
immunotherapy has been paid attention as the fourth treatment method by which cancer is to be treated by means of
the action of the immune system. Representative methods include those methods which use antibodies that target
proteins specifically expressed by cancer cells and which use cytotoxic T-cells that specifically recognize cancer cells.
[0007] Conventional cancer immunotherapy was entirely directed to reinforce the immunological action against cancer.
However, recently, the mechanism by which cancer escapes the action of immune system has been understood better.
This immune escape by cancer cells involves a mechanism called immune checkpoint. Immune checkpoint is originally
a system for suppressing excessive immune response and inhibiting development of diseases such as autoimmune
diseases. There are proteins called immune checkpoint proteins on T-cell surface, which is bound to its ligand present
on the surface of an autologous cell, thereby suppressing T-cell activation. Cancer cells also have the ligand of the
immune checkpoint protein similarly on their surface, thereby escaping the attack by the cytotoxic T-cells (CTLs), etc.
[0008] Recently, attention has been paid to a method for treating cancer by means of autoimmune effect by inhibiting
the action of this immune checkpoint protein or its ligand to decrease the immune evasion ability of cancer cells. As
immune checkpoint inhibitory drugs, for example, nivolumab (anti-PD-1 antibody) and ipilimumab (anti-CTLA-4 antibody),
etc. are commercially available.

[PRIOR ART REFERENCES]

[PATENT REFERENCES]

[0009] [PATENT REFERENCE 1] JP A 2008-513381

[NON-PATENT REFERENCES]
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[SUMMARY OF THE INVENTION]

[PROBLEM TO BE SOLVED BY THE INVENTION]

[0011] The present invention is aimed to provide a novel drug that has an effect of decreasing blood flow of a micro-
vasculature.

[MEANS TO SOLVE THE PROBLEM]

[0012] The inventor carried on intensive investigation into endovascular therapy for cancer based on a finding that
tumor vessel density decreases by injection of a nano-sized anti-cancer agent into the nutrient artery, and newly found
that anti-CTLA-4 antibody ipilimumab, an immune checkpoint inhibitor which has been used in combination with the
nano-sized anti-cancer agent, has a strong tumor vessel density-decreasing effect by itself. The inventor further carried
on the investigation based on such new finding, and consequently found that other immune checkpoint inhibitors also
have similar effect to complete the present invention.
[0013] Namely, the present invention relates to those listed below:

(1) Microvascular blood flow decreasing agent comprising an immune checkpoint inhibitor.

(2) The microvascular blood flow decreasing agent according to (1), wherein the microvasculature is a tumor vessel
and/or a blood vessel at an inflammation site.

(3) The microvascular blood flow decreasing agent according to (1) and (2), wherein the immune checkpoint inhibitor
is an inhibitor selected from the group consisting of anti-CTLA-4 antibody, anti-PD-1 antibody, and anti-PDL-1
antibody.

(4) The microvascular blood flow decreasing agent according to any one of (1) to (3), administered to the target
vessel by a microcatheter.

(5) The microvascular blood flow decreasing agent according to any one of (1) to (4), wherein the the immune
checkpoint inhibitor is administered at a dosage of 1 to 50 mg per dose.

(6) The microvascular blood flow decreasing agent according to any one of (1) to (5), further used in combination
with a nano-sized anti-cancer agent and/or anti-inflammatory agent.

[EFFECTS BY THE INVENTION]

[0014] According to the present invention, a novel agent that is capable of decreasing blood flow through a microv-
asculature, particularly a tumor vessel or a blood vessel at an inflammation site is provided. In diseases having micro-
vasculature, particularly in tumor site, vascular networks are complicated by over-developed microvasculature, causing
congestion of blood stream due to an increased blood flow, leading to hypoxic state at disease site. However, the agent
of the present invention can selectively decrease blood flow through microvasculature, can resolve blood stream con-
gestion and improve hypoxic state around the microvasculature. By improving hypoxic state, the niche of cancer stem
cells is deprived, which in turn suppresses the growth of cancer cells. As a consequence, the cancer can be treated.
Because such mechanism exhibits its effect independent of the type of the organ which develops cancer, it is capable
of establishing a method of treatment which is equally effective to any cancer.
[0015] According to the present invention, a novel application of an agent known as immune checkpoint inhibitor is
provided. When it is used in an application of the present invention, the immune checkpoint inhibitor will exhibit its effect
at a far smaller amount than its conventional effective dosage, greatly reducing the risk of side effects. Moreover, since
the immune checkpoint inhibitors are relatively expensive drugs, the economic burden to the patient can greatly be
reduced.

[BRIEF DESCRIPTION OF DRAWINGS]

[0016]

Fig. 1 shows photographs indicating the appearance of tumor vessels at disease site before and after endovascular
therapy using a immune checkpoint inhibitor to Patient A having breast cancer. The left is the picture before admin-
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istration, the right is after administration. It can be seen that tumor vessels have been eliminated in the right picture.

Fig. 2 shows photographs indicating the appearance of tumor vessels at disease site before and after endovascular
therapy using a immune checkpoint inhibitor to Patient B having malignant fibrous histiocytoma in right femur. (a)
From top, pictures before endovascular therapy, after the first endovascular therapy, after the second endovascular
therapy, and after the third endovascular therapy. (b) Pictures before endovascular therapy (top) and after the third
endovascular therapy (bottom) at a different site.

Fig. 3 shows photographs indicating the appearance of tumor vessels at disease site before and after endovascular
therapy using a immune checkpoint inhibitor to Patient C having liver cancer. The left is the picture before endovas-
cular therapy, the right is after endovascular therapy.

Fig. 4 shows a graph indicating the transition of % IS of bcr-ABL, a marker for chronic myeloid leukemia, over the
time points 1 to 6 which cover the range before and after endovascular therapy using an immune checkpoint inhibitor
against bladder cancer in Patient D having bladder cancer (chronic myeloid leukemia). It can be seen that bcr-ABL
dramatically decreased between the time point 2, when the endovascular therapy for bladder cancer was performed,
and the time point 3.

Fig. 5 shows photographs indicating the appearance of microvasculature at the disease site before and after en-
dovascular therapy using an immune checkpoint inhibitor to a subject (Case 7) who complains of back pain after
cementoplasty for vertebral compression fracture. The left and right pictures are contrastradiographs of the left and
right 12th thoracic intercostal arteries, respectively, and the upper row is before the endovascular therapy, and the
lower row is 2 minutes after drug administration by the endovascular therapy.

Fig. 6 shows photographs indicating the appearance of microvasculature at the disease site before and after en-
dovascular therapy using an immune checkpoint inhibitor to a subject (Case 8) who has rheumatoid arthritis in right
knee. The upper row shows contrastradiographs of lateral inferior genicular artery, the lower row shows inferior
middle genicular artery, each left picture is before therapy, right picture is 2 minutes after drug administration. In
each picture, a decrease in vessel density and elimination of visualization of veins by early arteriovenous shunt can
be seen.

[MODES FOR PRACTICING THE INVENTION]

[0017] Hereinbelow, the present invention will be illustrated in details.

<1> MICROVASCULAR BLOOD FLOW DECREASING AGENT OF THE PRESENT INVENTION

[0018] In the present invention, "microvasculature" means blood vessel(s) which constitutes a microvascular network
that is developed de novo in specific disease site. Characteristics of microvasculature include its disorder and congestion
relative to normal blood vessels, having a number of arteriovenous shunts and high permeability at vascular wall.
Examples of microvasculature include, though not being limited thereto, such as, for example, a tumor vessel, a blood
vessel at an inflammation site, a blood vessel around an ischemic site, and a blood vessel at a site having prolonged
pain. In one embodiment of the present invention, microvasculature is preferably a tumor vessel or a blood vessel at an
inflammation site, more preferably a tumor vessel.
[0019] In the present invention, a "tumor vessel" means a blood vessel which has typically been arborized de novo
from existing blood vessel and which constitutes a disorderly and congested vascular network having many arteriovenous
shunts observed in a tumor tissue. A tumor vessel is principally formed by angiogenic factors secreted by tumor cells
and stromal cells in tumor tissue such as vascular endothelial growth factor (VEGF), has an instable structure with high
permeability. This blood vessel not only supplies oxygen and nutrients to tumor cells, but also is involved in hematogenous
metastasis.
[0020] In the present invention, a "blood vessel at an inflammation site" means a neovessel induced by inflammatory
cytokines produced at an inflammation site, and typically includes a blood vessel that constitutes a vascular network
developed de novo in rheumatic synovial membrane, for example.
[0021] In the present invention, a "blood vessel at a site having prolonged pain" means, in a pathologic condition
diagnosed as osteoarthropathy, tendinosis or fasciitis, with chief complaint of chronic pain lasting for 3 months or longer,
a blood vessel developed de novo in fascia, tendon or adipose tissue, etc. in a site having pain. Although these vessels
would not indicate abnormal vascular density as clear as that in the vessels in tumor or inflammation site, there will be
recognizable increase in vascular density accompanied with early venous visualization if observed well.
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[0022] In the present invention, a "microvascular blood flow decreasing agent" means an agent that, upon being
introduced into a microvasculature, has an effect of decreasing the amount of blood flow of said microvasculature. In
one embodiment of the present invention, the decrease in the amount of blood flow can be caused by microvascular
embolization. In another embodiment, the decrease in the amount of blood flow can be caused by microvascular de-
struction. Therefore, a microvascular blood flow decreasing agent includes, though not being limited thereto, such as,
for example, a substance which embolizes a blood vessel, a substance which inhibits angiogenesis, and a substance
which leaks from a blood vessel and decreases blood flow. A microvascular blood flow decreasing agent may be used
in combination with another agent. For example, it may be used in combination with, e.g., an anti-cancer agent and anti-
inflammatory agent, though not being limited thereto.
[0023] The present invention is based on a new finding that immune checkpoint inhibitors which usually are used in
cancer immunotherapy, upon being introduced into a microvasculature, have an effect of decreasing blood flow of said
microvasculature. Accordingly, the present invention in one aspect relates to a microvascular blood flow decreasing
agent comprising an immune checkpoint inhibitor as an effective ingredient. The immune checkpoint inhibitor is an agent
which suppresses T-cell activities and thereby suppresses excessive immune reaction, and inhibits the action of the
immune checkpoint system directed to suppress development of autoimmune disease, etc. The immune checkpoint
inhibitor has recently been used in cancer treatment as an agent which inhibits immune evasion by cancer cells. The
microvascular blood flow decreasing agent of the present invention comprises an immune checkpoint inhibitor in an
amount that, upon being administered into a microvasculature, is effective for decreasing blood flow of said microvas-
culature.
[0024] The immune checkpoint inhibitor that is used in the microvascular blood flow decreasing agent of the present
invention may be any agent which has been known in the art as an immune checkpoint inhibitor, and includes, though
not being limited thereto, such as, for example, an anti-CTLA-4, anti-PD-1, anti-PD-L1, anti-TIM-3, anti-LAG-3, anti-B7-
H3, anti-B7-H4, anti-BTLA, anti-VISTA, and anti-TIGIT antibodies. In one embodiment of the present invention, an
immune checkpoint inhibitor is preferably an anti-CTLA-4 antibody, an anti-PD-1 antibody and an anti-PD-Ll antibody,
more preferably the anti-CTLA-4 antibody and anti-PD-1 antibody. Typical anti-CTLA-4 antibodies include ipilimumab,
and typical anti-PD-1 antibodies include nivolumab and pembrolizumab, and typical anti-PD-Ll antibodies include at-
ezolizumab and MSB0010718C (avelumab).
[0025] The mechanism by which an immune checkpoint inhibitor exhibits microvascular blood flow decreasing effect
has not been clear in detail yet. However, the inventor has found that when an immune checkpoint inhibitor is prepared
for administration into microvasculature, its particle diameter in the drug becomes approximately 10 to 15 nm. For
example, in a case of tumor vessels, as mentioned above, it has been known that the structure of vascular wall is unstable
with a high permeability, and drugs with small particle diameter, e.g., 40 nm or smaller, can easily permeate through it
and arrive in tumor tissue. Therefore, without being bound by any theory, it can be considered that an immune checkpoint
inhibitor can easily arrive in tumor tissue and can exhibit the blood flow decreasing effect.
[0026] The microvascular blood flow decreasing agent of the present invention reduces blood flow in microvascular
network of a disease site, and thereby inhibits nutrient supply to the disease site and decrease abnormal neovessels,
and thereby can treat the disease. Accordingly, diseases which have vascular networks of abnormal neovessels and
which can be treated by the microvascular blood flow decreasing agent of the present invention typically include cancer
and rheumatism.
[0027] In the present invention, "tumor" includes benign tumors and malignant tumors (cancers, malignant neoplasms).
Cancer includes tumors of hematopoietic organs, epithelial malignant tumors (cancers, carcinomas) and non-epithelial
malignant tumors (sarcomas). The agent of the present invention particularly exhibits its therapeutic effect in a cancer
having tumor vessels, typically in a solid cancer.
[0028] As mentioned above, the immune checkpoint inhibitor has recently been used in cancer therapy. When it is
used in a usual application, the cancer which can be treated is limited to cancer in which the corresponding immune
checkpoint protein is involved in immune evasion. Nevertheless, when the immune checkpoint inhibitor is used as the
microvascular blood flow decreasing agent of the present invention, the cancer which can be treated is not particularly
limited. For instance, even when an anti-CTLA-4 antibody is used as the microvascular blood flow decreasing agent of
the present invention, the cancer to be treated does not necessarily have to express CTLA-4.
[0029] Because the microvascular blood flow decreasing agent of the present invention exhibits its effect upon being
introduced into a microvasculature, it typically is in an injectable form such as a liquid and an injection. Therefore, the
microvascular blood flow decreasing agent of the present invention may comprise an immune checkpoint inhibitor and
a pharmaceutically acceptable carrier. Pharmaceutically acceptable carriers include, though not being limited thereto,
such as, for example, those which usually are used in the art as solvent or diluent for an injection, and typically include
water and physiological saline.
[0030] In one embodiment of the present invention, the immune checkpoint inhibitor used in the microvascular blood
flow decreasing agent is contained in the blood flow decreasing agent in a form which is easy to permeate microvascular
vessel wall. The vessel wall of a microvasculature has an enhanced permeability as compared to a normal blood vessel.
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The permeability of the agent through vessel wall can further be increased by reducing its particle diameter. As mentioned
above, the inventor has found that the particle size distribution of an immune checkpoint inhibitor is in a range between
approximately 10 and 15 nm when it is prepared as a microvascular blood flow decreasing agent. Accordingly, the
particle size distribution is preferably between 1 to 15 nm. In a preferred embodiment, the particle size distribution is
between 10 and 15 nm. In another preferred embodiment, the particle size distribution is between 1 and 10nm.
[0031] As a method for achieving a small particle size distribution, those which usually are used in the art such as, for
example, shaking, dilution and stirring.

<2> METHOD OF THE PRESENT INVENTION FOR DECREASING MICROVASCULAR BLOOD FLOW

[0032] As mentioned above, the present invention originates with the new finding that an immune checkpoint inhibitor
will exhibits an effect of decreasing blood flow upon being introduced into a microvasculature. Accordingly, the present
invention in one aspect relates to a method for decreasing blood flow of a microvasculature by using an immune checkpoint
inhibitor or a microvascular blood flow decreasing agent comprising an immune checkpoint inhibitor.
[0033] In therapy of progressive cancer with metastasis/recurrence, if chemotherapy which is standard therapy is
ineffective, palliative care is often applied under the circumstance where the patient is capable of daily living, and it is
often considered to be the case that the patient’s wish for therapy cannot be met. The inventor has carried on therapies
aimed to reducing tumor vessels by means of endovascular therapy for progressive cancers in which the standard
therapy is ineffective. This is because, in a case where neither surgery, radiotherapy nor chemotherapy is effective, it
is considered that an intervention rather into cancer microenvironment (cancer niche) than into cancer parenchyma
would be important for maintaining QOL for longer period in favorable state. Nevertheless, it has become clear that the
more intervention by endovascular therapy during treatment, the faster the reversal of proliferation (i.e., the reactivation
of the cancer proliferation from the condition in which the therapy is effective for the cancer), making the control difficult.
On the other hand, according to the method for decreasing microvascular blood flow using the immune checkpoint
inhibitor of the present invention, intervals between therapies can remarkably prolonged as compared to conventional
endovascular therapy, and thus it can be expected that the patient’s QOL may be greatly improved.
[0034] The method of decreasing microvascular blood flow of the present invention comprises introducing an immune
checkpoint inhibitor into a microvascular network in which a decrease in blood flow is desired. Administration may be
systemic or local, as long as the immune checkpoint inhibitor can be introduced into the microvascular network.
[0035] In one preferred embodiment of the present invention, the immune checkpoint inhibitor is locally administrated
into the microvasculature of the subject. Typical methods for local administration include intraarterial injection, and a
method in which a catheter is introduced in the vicinity of the target vessel to directly administer the drug is particularly
preferred. In the method of the present invention, because the target vessel is microvasculature, the catheter used is
preferably a microcatheter in order to introduce the catheter in more vicinity of the target vessel. Methods for local
administration into microvasculature using microcatheter is known in the art, and include, though not being limited thereto,
such as, for example, superselective intraarterial infusion.
[0036] The inventor has found that the immune checkpoint inhibitor administered in the method of the present invention,
particularly when being locally administered, exhibits its effect in far smaller amount as compared to the case where it
is used in its original application to suppress immune evasion by cancer cells. When it is used for decreasing microvascular
blood flow according to the present invention, the dose of the immune checkpoint inhibitor to be administered will vary
depending on the type of the immune checkpoint inhibitor to be administered, though a skilled person can calculate an
appropriate amount. For example, it has been found that a decrease in microvascular blood flow and a change in tumor
vessel density would occur by local administration of approximately 0.3 to 0.5 mg per supporting vessel in the case of
ipilimumab, approximately 0.5 to 1 mg per supporting vessel in the case of nivolumab, and approximately 0.3 to 0.4 mg
per supporting vessel in the case of pembrolizumab.
[0037] The lower limit of the dose to be administered is, for example, 0.1 mg or more, 0.2 mg or more, 0.3 mg or more,
0.4 mg or more, 0.5 mg or more, 1 mg or more, 2 mg or more, 3 mg or more, 4 mg or more or 5 mg or more, and the
upper limit is, for example, 50 mg or lower, 45 mg or lower, 40 mg or lower, 35 mg or lower, 30 mg or lower, 25 mg or
lower, 20 mg or lower, 15 mg or lower or 10 mg or lower. The range of the dosage to be administered may be determined
as any combination of these upper and lower limits. Accordingly, the dosage to be administered is, for example, between
2 and 10 mg, between 3 and 30 mg, between 5 and 20 mg, between 5 and 45 mg, and the like. Moreover, the above
dosage to be administered may be administered at once, or may be administered in multiple separate times.
[0038] The method of the present invention for decreasing microvascular blood flow can reduce blood flow of micro-
vasculature in various diseases, and as a result can reduces microvascular density. Therefore, by using the method of
the present invention for decreasing microvascular blood flow, diseases or symptoms in which microvascular hyperplasia
is recognized can be treated. Accordingly, the present invention encompasses a method of treating a disease or symptom
in which such microvascular hyperplasia is recognized. Diseases and symptoms that can be treated by the method of
the present invention for decreasing microvascular blood flow include solid tumor, rheumatism, osteoarthropathy, tend-
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inosis, fasciitis, spinal stenosis having chronic pain lasting for three months or longer as chief complaint, as well as
various pain regarded as chronic pain syndrome. In the present invention the term "endovascular therapy", unless
otherwise described, refers to a therapeutic method to treat a disease by administering to a microvasculature an agent
that reduces the blood flow. Accordingly, as one embodiment of endovascular therapy, the method of the present
invention for decreasing microvascular blood flow can suitably used.

<3> Method of the present invention for treating solid tumor

[0039] The inventor has found that the microvascular blood flow decreasing agent of the present invention, upon being
administered into a tumor vessel in particular, decreases the blood flow in said tumor vessel and thereby improves the
hypoxic state and reduces tumor vessel density. Therefore, the microvascular blood flow decreasing agent of the present
invention can be used in a method for treating solid tumor by improving microenvironment (niche) surrounding the solid
tumor. Namely, the present invention in one embodiment relates to a method for treating solid tumor by decreasing
blood flow of tumor vessels.
[0040] The method of the present invention for treating solid tumor can be performed by using a procedure called in
general "endovascular therapy", and can be carried out in accordance with the method in <2> above for decreasing
blood flow of the microvasculature. Accordingly, the method of the present invention for treating solid tumor comprises
introducing an immune checkpoint inhibitor into the responsible vessel of the solid tumor and/or tumor vessels arborizing
therefrom. As long as the immune checkpoint inhibitor can be introduced into the microvascular network, it may be
administered systemically or locally.
[0041] As mentioned above, the method for treating solid tumor of the present invention decreases blood flow in tumor
vessels which deliver nutrients to a solid tumor, decreases tumor vascular density, and thereby treats the solid tumor.
Therefore, it can treat any tumor as long as it is a solid tumor which has tumor vessels. Therefore, tumors which can be
treated include, though not being limited thereto, such as, for example, head and neck cancer, esophageal cancer, lung
cancer, breast cancer, gastric cancer, liver cancer, bile duct cancer, pancreatic cancer, colorectal cancer, kidney cancer,
bladder cancer, prostate cancer, testicular cancer, ovarian cancer, cervical cancer, endometrial cancer, malignant lym-
phoma and sarcoma.
[0042] Moreover, as mentioned above, the method for treating solid tumor of the present invention decreases blood
flow in tumor vessels, thereby decreases tumor vascular density, and thereby exhibits therapeutic effect. Here, it is
known that tumor vessels not only take a role in nutrient delivery to the tumor, but it also takes a role as a gateway for
circulating tumor cells (CTCs). The method of the present invention enables blocking this gateway by decreasing tumor
vascular density and eliminating tumor vessels, resulting in a decreased number of CTCs. This enables preventing tumor
metastasis itself. Therefore, the solid tumor may be either primary or metastatic. According to the present invention, the
tumor at metastatic site can be treated by treating the tumor at primary site. The tumor at the primary site can be treated
the other way around by treating the tumor at the metastatic site.

[WORKING EXAMPLES]

[0043] The present invention will further be illustrated in detail with reference to following examples, which indicate
specific examples of the present invention, but the present invention is not limited thereto.

EXAMPLE 1. Outcome assessment of therapies with regional immune checkpoint inhibitor

[0044] To 94 cases (48 males, 46 females, average age 62.1 years old), continuous treatment by local administration
of immune checkpoint inhibitor was given, and short-term (1-month) reducing effect by the first therapy was examined
for each disease stage. For 35 cases in which assessment of imaging 4 months after the first therapy was possible,
long-term (4-month) reducing effect for each disease stage was further analyzed.

(1) PREPARATION OF REGIONAL IMMUNE CHECKPOINT INHIBITOR:

[0045] Either one of the immune checkpoint inhibitors (2 to 4 mg/body (2.2 mg/body on average) of anti-CTL4 antibody
ipilimumab (YERVOY®, Bristol-Myers-Squibb), 4 to 45mg/body (15.6 mg/body on average) of an anti-PD1 antibody
nivolumab (Opdivo®, Bristol-Myers-Squibb), 2 to 20 mg/body (9.23 mg/body on average) of an anti-PD1 antibody pem-
brolizumab (Keytruda®, Merck Sharp & Dohme Limited) and 30 to 90 mg/body (60 mg/body on average) of an anti-PDL-
1 antibody atezolizumab (Tecentriq®, Roche)), and anti-inflammatory agent (maxacalcitol, 10 to 20 mg/bod,y and/or
bortezomib, 0.35 to 0.7mg/body, and/or etanercept, 25 mg/body, and/or thrombomodulin, 3200 to 6400 U/body) are
dissolved in 100 to 150 ml of physiological saline and stirred using a stirrer, then introduced into responsible vessel.
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(2) RESULTS:

[0046] Short-term tumor-reducing effect in 1 month after the administration was assessed by MRI or CT imaging.
Results are shown in the table below. In the table, CR indicates an elimination of tumor from the imaging, PR indicates
>50 % reduction of tumor diameter, MR indicates >30 % reduction of tumor diameter, NC indicates < 30 % reduction of
tumor diameter, and PD indicates an increase in tumor diameter.

[0047] The assessment was carried out by classifying MR or higher as being effective. In subjects whose disease
state is Stage I, II or III, short-term reducing effect was observed (8/15, 53.3 %). However, in subjects at Stage IV, short-
term reducing effect was not much expected (17.7% (14/79)), indicating there is a significant difference between disease
stages.
[0048] Next, long-term tumor reducing effect for 4 month after administration was assessed by MRI or CT imaging.
Results are shown in the table below.

[0049] In the course of the treatment with the immune checkpoint inhibitor, further improvement was confirmed after
4 months (75 % (6/8) in disease stages I, II and III, and 26 % (7/27) even in disease stage IV), indicating that, although
the short term tumor-reducing effect by the treatment with the immune checkpoint inhibitor is not as good as that by
local administration of an anti-cancer agent, it exhibits a great effect in the long term.

(3) ASSESSMENT OF THE REDUCING EFFECT FOR DIFFERENT DISEASES:

[0050] Tumor-reducing effect was assessed by calculating the average score in each disease group based on the
scores designated as follows: CR = 4, PR = 3, MR = 2, NC = 1 and PD = 0. Results are shown in the table below.

[Table 1]

Disease stage/Effect CR PR MR NC PD Total

I 1 1 1 0 0 3 (3.2%)

II 2 0 0 4 0 6 (6.4%)

III 0 1 2 3 0 6 (6.4%)

IV 0 6 8 39 26 79 (84.0%)

Total
3 8 11 46 26 94

(R)/22 (23.4%) 46 (48.9%) 26 (27.6%) 94

[Table 2]

Disease stage/Effect CR PR MR NC PD Total

I 1 0 0 0 0 1 (2.9%)

II 2 1 0 0 0 3 (8.6%)

III 1 0 1 2 0 4 (11.4%)

IV 1 5 1 10 10 27 (77.1%)

Total
5 6 2 12 10 35

(R)/13 (37.1%) 12 (34.3%) 10 (28.6%) 35

[Table 3]

Disease group
Short-term 

effect
Number of 

Patients
Long-term 

effect
Number of 

Patients

Head and neck cancer 1.87 6 3.67 3

Breast cancer 0.67 17 1.00 5

Lung cancer 1.79 14 2.33 6



EP 3 505 183 A1

9

5

10

15

20

25

30

35

40

45

50

55

[0051] In most disease groups, the results indicates higher effect in the long term than in the short term. In particular,
a high effect was recognized not only in the short term but also in the long term in subjects having head and neck cancer,
lung cancer, urogenital cancer (bladder cancer, ovarian cancer and endometrial cancer, in particular), or sarcoma.
Moreover, in some cases of breast cancer, the reduction started after 8 to 11 months.

EXAMPLE 2. Comparison with conventional endovascular therapies

(1) GROUPS SUBJECTED TO THE TREATMENT:

[0052] The interval (days) between the two cancer endovascular therapies performed in the same case are compared
between the subjects of 2462 cases. Group A (2137 cases) in which a nano-sized anti-cancer agent and anti-inflammatory
agent are mainly used was compared with Group B (325 cases) in which either anti-CTL4, anti-PD1 or anti-PDL1 antibody
are used with anti-inflammatory agent. Age, gender, disease stage (Stage 0 to IV) at the time of the therapy, ICD
classification of the primary disease to be treated in Groups A and B2 are shown in the table below.

(continued)

Disease group
Short-term 

effect
Number of 

Patients
Long-term 

effect
Number of 

Patients

Gastrointestinal cancer 0.78 18 1.00 5

Liver/biliary/pancreatic 
cancer

0.76 25 0.67 9

Urogenital cancer 1.55 11 1.60 5

Sarcoma 1.67 3 2.50 2

Total 1.11 94 1.54 35
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(2) METHOD OF TREATMENT:

[0053] Before the therapy, the disease site was imaged by MRI or CT, and the target vessel was searched from that
image to identify the tumor vessel in as many lesions as possible for subsequent endovascular therapy.
[0054] In Group A, mainly nano-sized anti-cancer nanoagents (gemcitabine 200 mg/body, glycyrrhizinate 80 mg/body,
oxaliplatin 50 mg/body, mitomycin 4 mg/body, Abraxane® 25mg/body) are mixed to make particle ratio distribution of
between 60 and 120nm, and anti-inflammatory agents (maxacalcitol, 10 to 20 mg/body, bortezomib, 0.35 to 0.7 mg/body,
etanercept, 25 mg/body, thrombomodulin, 3200 to 6400U/body) are infused into the responsible vessel. The therapy
was aimed to decrease the tumor vessel density. For the purpose of generating a nano-sized drug with less aggregation,
optionally an uraninite ore was used to irradiate radiation of 150 mSv/h for 30 minutes to the drug and reduces the particle
diameter distribution to the range between 3 and 5 nm, then stirred with a stirrer until being administered by infusion.
[0055] In Group B, an immune checkpoint inhibitor (either of anti-CTL4 antibody ipilimumab (YERVOY®, Bristol-Myers-
Squibb) 2 to 10 mg/body, anti-PD1 antibody nivolumab (Opdivo®, Bristol-Myers-Squibb) 5 to 45 mg/body, anti-PD1
antibody pembrolizumab (Keytruda®, Merck Sharp & Dohme Limited) 5 to 20 mg/body, or an anti-PDL-1 antibody
atezolizumab (Tecentriq®, Roche) 30 to 90 mg/body, and an anti-inflammatory agent (maxacalcitol 10 to 20mg/body,
bortezomib 0.35 to 0.7 mg/body, etanercept 25 mg/body, thrombomodulin 3200 to 6400 U/body) are dissolved in 100
to 150ml of physiological saline and stirred with a stirrer until being infused into responsible tumor vessel. The therapy
was aimed to decrease the tumor vessel density. These drugs were prepared in a clean bench inside the endovascular
therapy room.

(3) RESULTS:

[0056] The results are shown in the table below. As seen from the table below, the interval between therapies was
clearly increased in Group B as compared to Group A, meaning that the immune checkpoint inhibitor exhibits an effect
as blood flow decreasing agent for endovascular therapy, and that its effect last longer than conventionally used blood
flow decreasing agents in endovascular therapy.

EXAMPLE 3. Cases

(1) PATIENT A WITH BREAST CANCER:

[0057] To Patient A who had suffered from breast cancer, an endovascular therapy was carried out using nivolumab
10 mg, pertuzumab 60 mg, bortezomib 0.7 mg, thrombomodulin 3200 U and maxacalcitol 10 mg. This patient was marked
as CR by such treatment. Appearance of the tumor vessel in the lesion site is shown in Fig. 1.
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(2) PATIENT B WITH RIGHT FEMORAL MALIGNANT FIBROUS HISTIOCYTOMA (WITH METASTASIS TO LUNG):

[0058] To Patient B who had suffered from malignant fibrous histiocytoma in right femur, an endovascular therapy
was carried out using 20 mg of nivolumab. This patient was marked as CR after 3 treatments using 20 mg of nivolumab
per each administration. Appearance of the tumor vessel in the lesion site is shown in Fig. 2.

(3) PATIENT C WITH LIVER CANCER (HEPATITIS C), T2N0M0 (DISEASE STAGE II):

[0059] To Patience C who had suffered from hepatitis C and had developed liver cancer, an endovascular therapy
was carried out using nivolumab 10 mg, bortezomib 0.7 mg, etanercept 25 mg, maxacalcitol 10 mg and imipenem/cilastatin
sodium 500 mg/body for each administration. This patient was marked as CR after two treatments. Appearance of the
tumor vessel in the lesion site is shown in Fig. 3.

(4) PATIENT D WITH BLADDER CANCER (CHRONIC MYELOID LEUKEMIA), T2N0M0 (DISEASE STAGE II):

[0060] In Patient D who had suffered chronic myeloid leukemia, a bladder cancer with muscle invation was found,
suggesting a metastatic cancer. This patient was subjected to an endovascular therapy using nivolumab 10 mg, borte-
zomib 0.7 mg, etanercept 25 mg, maxacalcitol 10 mg, and thrombomodulin 3200 U, and was marked as CR by such
treatment. After the endovascular therapy, the % IS of BCR-ABL mRNA, a marker for chronic myeloid leukemia, was
also decreased, and it was determined that chronic myeloid leukemia was ameliorated, too. Fig. 4 is a graph showing
the transition of % IS of BCR-ABL mRNA before and after the endovascular therapy for the bladder cancer in this patient.

DISCUSSION

[0061] It was shown that each of the immune checkpoint inhibitors causes a clear change in tumor hemodynamics by
single-agent administration 2 to 3 minutes after the infusion from the tumor vessel. Moreover, an immediate relief from
cancerous pain by administration is also confirmed. Adding to these, their original effect of inhibiting immune checkpoint
can also be expected, providing a prospective of relatively longer lasting effect by administration of single agent. It is
considered that the effect of extending the interval between therapies as indicated was exhibited as a consequence.

EXAMPLE 4. Endovascular therapy to blood vessels at a site having prolonged pain

[0062] To 14 subject cases indicated in the table below who had blood vessels at a site having prolonged pain,
endovascular therapy was carried out as follows, using pembrolizumab.
[0063] In all cases, fat suppression T2-weighted MRI image was obtained before treatment to select target vessels.
3Fr intraarterial-indwelling sheath (Medikit Co., Ltd.) was inserted from femoral artery by Seldinger method, allowed to
reach the target vessel using 3Fr angiography catheter (Medikit Co., Ltd.), Radifocus 0.032" external diameter guide
wire (TERUMO Corp.), and microcatheter ASAHI Tellus C3, ASAHI Meister 0.016" micro guide wire (ASAHI INTECC
Co., Ltd.) as appropriate, then abnormal vascular networks are identified by contrast imaging.
[0064] Subsequently, as shown in the table, pembrolizumab 1 to 4 mg/body (mean = 1.86 mg/body, median = 2
mg/body) was mixed with the combined drugs in 100 ml of physiological saline, stirred with a stirrer while being infused
into the target vessel in an amount such that a sufficient decrease in abnormal vessel density was confirmed.
[0065] The level of post-treatment improvement in symptoms was assessed after 3 weeks or longer. A stepwise
assessment was done as follows: an exacerbation in symptom = 0, no change = 1, an improvement in symptom and
easiness in dairy living = 2, almost satisfactory improvement = 3. Rating of 2 or more, i.e., an improvement in symptom
was observed in 11 cases out of 14 cases (see, the table below). No side effect which was considered to be caused by
the regional immune checkpoint inhibition therapy was observed in all cases, including minor side effects such as transient
fever.

[Table 6]

Case Gender Age Disease identity
Disease 
duration 

(year)

P 
Dosage 

(mg/ 
body)

Arterial 
infusion 

combined drug

Side 
effect

Effect

Case 
1

F 56 Left gonarthritis 9 1
imp/cs 500, bv 
50, bort 0.35, 

maxa 10,
0 1
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[0066] In the table, "imp/cs" denotes imipenem/cilastatin sodium, "bort" denotes bortezomib, "bv" denotes Avastin®
(bevacizumab), "maxa" denotes maxacalcitol, "eta" denotes etanercept, and "reco" denotes thrombomodulin.
[0067] For Cases 7 and 8, the appearance of the microvasculature in the lesion site is shown in Figs. 5 and 6,
respectively. In Case 7, drugs are administrated to four arteries, which are the lateral (left and right) 12th thoracic vertebral
intercostal arteries and left and right 1st lumbar arteries, in amount described in the table above as total dosage. In Case
8, drugs are administrated to lateral inferior genicular artery, middle superior genicular artery, descending genicular
artery (superior medial), lateral/medial superior genicular artery, anterior tibial recurrent artery, and 8 knee joint nutrient
arteries in amount described in the table above as total dosage. In both figures, the pictures after the therapy were taken
2 minutes after the drug administration. In both cases, significant decrease in abnormal microvascular density was
confirmed only after 2 minutes.

DISCUSSION

[0068] A selective arterial infusion of the immune checkpoint inhibitor (pembrolizumab) solution diluted at 1 to 2 % in
physiological saline, which is in a small amount as little as 1 to 2 mg/body, to the site of pain enables the cancellation
of chronic pain, indicating that such treatment will be a safe and economic therapy without any side effects.

(continued)

Case Gender Age Disease identity
Disease 
duration 

(year)

P 
Dosage 

(mg/ 
body)

Arterial 
infusion 

combined drug

Side 
effect

Effect

Case 
2

F 62 Elbow joint RA 5 4
eta 25, bort 0.35, 

imp/cs 500
0 3

Case 
3

F 53 Hip osteoarthritis 5 3
eta 25, bort 0.35, 
maxa 10, imp/cs 

501
0 3

Case 
4

F 67 Left shoulder pain - 3 bort 0.35 0 3

Case 
5

M 79
Lumbar spinal 

stenosis
5 2 bort 0.36 0 2

Case 
6

F 73
Right foot Lisfranc 

joint injury
20 1

bv 50, bort 0.35, 
eta 25, maxa 10

0 3

Case 
7

F 80
Low back pain after 
spinal compression 

fracture
1.5 1

bort 0.35, eta 25, 
maxa 10, reco 

3200
0 2

Case 
8

F 73 Right knee RA 3.8 2
bort 0.35, eta 25, 

reco 3200
0 2

Case 
9

F 81
Bilateral knee joint 

replacement 
postoperation

1.5 2
eta 25, imp/cs 

500
0 1

Case 
10

F 56 Piriformis syndrome 6 1
bort 0.35, eta 25, 

reco 3200
0 2

Case 
11

F 43
Left Achilles 
peritendinitis

14 1 0 3

Case 
12

F 59 Bilateral gonarthrosis - 2 0 2

Case 
13

M 77
Left gonarthrosis, foot 

arthritis
20 2 0 1

Case 
14

M 61
Right foot joint MFP 

syndrome
3 1 0 2
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[0069] Since the immune checkpoint inhibitor therapy clearly improves continuation of angiogenesis at the site of
prolonged pain, it is suggested that the angiogenetic state itself that is associated with the prolonged pain has become
intractable via immunotolerance, suggesting an involvement of CD8+ T lymphocytes at local environment. A regional
immune checkpoint inhibition therapy (RCBT) as a fundamental pain therapy is expected.

[INDUSTRIAL APPLICABILITY]

[0070] It has been indicated that, according to the present invention, the immune checkpoint inhibitor administered to
tumor vessels causes a clear change in tumor hemodynamics and thereby results in a remarkably higher therapeutic
effect than that expected by conventional administration method. Moreover it has been found that the use of the immune
checkpoint inhibitor as an agent for decreasing blood flow of microvasculature including tumor vessels enables a treatment
with longer interval as compared to conventional intravenous therapy, which can make a substantial contribution to the
improvement in QOL for a patient with advanced cancer. Furthermore, in the present invention the agent is principally
locally administrated and thus can exhibit its effect in smaller amount as compared to that in conventional administration
method, and therefore can decrease economic burden when an expensive immune checkpoint inhibitor is used.

Claims

1. Microvascular blood flow decreasing agent comprising an immune checkpoint inhibitor.

2. The microvascular blood flow decreasing agent according to Claim 1, wherein the microvasculature is a tumor vessel
and/or a blood vessel at an inflammation site.

3. The microvascular blood flow decreasing agent according to Claim 1 or 2, wherein the immune checkpoint inhibitor
is an inhibitor selected from the group consisting of an anti-CTLA-4 antibody, anti-PD-1 antibody, and anti-PDL-1
antibody.

4. The microvascular blood flow decreasing agent according to any one of Claims 1 to 3, administered to the target
vessel by a microcatheter.

5. The microvascular blood flow decreasing agent according to any one of Claims 1 to 4, wherein the immune checkpoint
inhibitor is administered at a dosage of 1 to 50 mg per dose.

6. The microvascular blood flow decreasing agent according to any one of Claims 1 to 5, further used in combination
with a nano-sized anti-cancer agent and/or anti-inflammatory agent.
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