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(57) ABSTRACT

The present invention provides a method for predicting a
therapeutic effect and/or monitoring recurrence in a cancer
patient. Disclosed is a method for detecting a therapeutic
effect of cancer treatment in a cancer patient, comprising:
measuring nematode tactic behavior to each of pre-treatment
urine and in-treatment or post-treatment urine from the
cancer patient; and comparing a result of measuring the
tactic behavior to the pre-treatment urine and a result of
measuring the tactic behavior to the in-treatment or post-
treatment urine, wherein when attraction is weakened or
avoidance is strengthened after the treatment, it is deter-
mined that the therapeutic effect is detected.

3 Claims, 1 Drawing Sheet
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METHOD FOR PREDICTING
THERAPEUTIC EFFECT AND/OR
RECURRENCE MONITORING IN CANCER
PATIENTS

TECHNICAL FIELD

The present invention relates to a method for predicting a
therapeutic effect and/or monitoring recurrence in a cancer
patient.

BACKGROUND ART

Cancer is versatile, so that no effective fixed treatment
protocol has been established. It seems important to specify
a personalized specific treatment protocol. Thus, it is a
critical issue in cancer treatment to evaluate therapeutic
effects of the cancer treatment. In addition, although cancer
of interest appears to be temporarily removed by treatment,
cancer that has not been completely excised by surgery
remains in some cases. It is important to evaluate these
matters from the viewpoints of preventing recurrence or
selecting a treatment protocol prepared for recurrence.

Biomarkers have been developed that indicate the pres-
ence of cancer. Unfortunately, cancer is versatile, so that
there is a maker-specific limit for its detectability and
sensitivity. Consequently, other indicators that each indicate
the presence of cancer are needed. Besides, another issue is
that in diagnostic imaging, cancer cannot be detected unless
the cancer grows to a certain size or more.

CITATION LIST
Patent Literature
Patent Literature 1: WO 2015/088039

SUMMARY OF INVENTION

The present invention provides a method for predicting a
therapeutic effect and/or monitoring recurrence in a cancer
patient.

The present inventor has found that prediction of thera-
peutic effects and/or monitoring of recurrence in cancer
patients are made possible by evaluating nematode tactic
behavior to urine from a patient with cancer. The present
invention is based on such findings.

Specifically, the present invention provides the following
aspects.

(1) A method for detecting a therapeutic effect of cancer
treatment in a cancer patient, comprising:

evaluating nematode tactic behavior to each of pre-treat-
ment urine and in-treatment or post-treatment urine from the
cancer patient; and

comparing a result of measuring the tactic behavior to the
pre-treatment urine and a result of measuring the tactic
behavior to the in-treatment or post-treatment urine, wherein

when attraction is weakened or avoidance is strengthened
after the treatment, it is determined that the therapeutic effect
is detected.

(2) The method according to the above (1), wherein when
attraction to the pre-treatment urine is exhibited and avoid-
ance to the post-treatment urine is exhibited, it is determined
that the therapeutic effect is detected.

(3) The method according to the above (1), wherein when
attraction to the pre-treatment urine is exhibited and avoid-
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2

ance to the post-treatment urine is not exhibited, it is
determined that there is no therapeutic effect or the thera-
peutic effect is poor.

(4) A method for detecting proliferation of cancer in a
cancer patient after treatment, comprising:

evaluating nematode tactic behavior to a time-series of
urine from the cancer patient, wherein

it is determined that the proliferation of cancer is detected
when avoidance to the urine from the cancer patient is
weakened or attraction thereto is strengthened as the time-
series for evaluating results obtained progresses.

(5) The method according to the above (4), wherein it is
determined that the proliferation of cancer is detected when
the tactic behavior to the urine from the cancer patient is
changed from avoidance to attraction as the time-series for
evaluating results obtained progresses.

(6) A method for detecting a therapeutic effect of cancer
treatment and proliferation of cancer after the treatment in a
cancer patient, comprising

evaluating nematode tactic behavior to each of pre-treat-
ment urine and in-treatment or post-treatment urine from the
cancer patient and

comparing a result of measuring the tactic behavior to the
pre-treatment urine and a result of measuring the tactic
behavior to the in-treatment or post-treatment urine, wherein

when attraction is weakened or avoidance is strengthened
after the treatment, it is determined that the therapeutic effect
is detected; and further comprising

evaluating nematode tactic behavior to a time-series of
urine from the cancer patient after the treatment, wherein

it is determined that the proliferation of cancer is detected
when avoidance to the urine from the cancer patient is
weakened or attraction thereto is strengthened as the time-
series for evaluating results obtained progresses.

(6B) A method for monitoring proliferation of cancer or
monitoring recurrence of cancer, comprising

evaluating nematode tactic behavior to a time-series of
urine from an in-treatment or post-treatment cancer patient,
wherein

it is determined that the proliferation of cancer is detected
or the recurrence of cancer is detected when avoidance to the
urine from the cancer patient is sequentially weakened or
attraction thereto is sequentially strengthened as the time-
series for evaluating results obtained progresses.

(6C) A method for monitoring proliferation of cancer or
monitoring recurrence of cancer, comprising

observing nematode tactic behavior to a time-series of
urine from an in-treatment or post-treatment cancer patient,
and

detecting that avoidance to the urine from the cancer
patient is sequentially weakened with the lapse of time
and/or detecting that attraction thereto is sequentially
strengthened with the lapse of time, whereby it is determined
that the cancer proliferates or the cancer recurs.

(7) A composition comprising nematode worms used for
evaluating a therapeutic effect of cancer treatment.

(8) A composition comprising nematode worms used for
predicting or monitoring recurrence of cancer after treat-
ment.

BRIEF DESCRIPTION OF DRAWING

FIG. 1 shows the pre-operation and post-operation history
and the results of recurrence monitoring in a cancer patient
by a urine test using nematode worms.

DESCRIPTION OF EMBODIMENTS

As used herein, the “subject” means a mammal such as
primates (e.g., a monkey, chimpanzee, gorilla, bonobo,
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orangutan, marmoset, human) and means, for instance, a
human. As used herein, the subject is preferably a human. In
addition, as used herein, the word “subject” is used, in a
sense, to include a healthy individual, a subject suspected of
having cancer, and a subject suffering from cancer.

As used herein, the “cancer” means malignant tumor.
Cancer can be largely grouped into hematopoietic tumor,
carcinoma, and non-epithelial sarcoma (sarcoma). Examples
of the hematopoietic tumor include leukemia, malignant
lymphoma, and myeloma. Examples of the carcinoma
include lung cancer, breast cancer, gastric cancer, colon
cancer, uterine cancer, ovarian cancer, head and neck cancer,
and tongue cancer. Examples of the sarcoma include osteo-
sarcoma, chondrosarcoma, rhabdomyosarcoma, leiomyosar-
coma, fibrosarcoma, liposarcoma, and angiosarcoma. As
used herein, the “cancer” encompasses early cancer such as
stage 0 early cancer and stage 1 early cancer.

As used herein, the wording “detecting a therapeutic
effect of cancer treatment” can be read as the wording
“evaluating a therapeutic effect of cancer treatment”, “pre-
dicting a therapeutic effect of cancer treatment”, “diagnos-
ing a therapeutic effect of cancer treatment”, or “non-
diagnostically helping diagnose a therapeutic effect of
cancer treatment”.

As used herein, the wording “detecting proliferation of
cancer” in the post-operation context can be read as the
wording “detecting a possibility of recurrence”, “predicting
recurrence”, “predicting a possibility of recurrence”, or
“evaluating a possibility of recurrence”.

As used herein, the “recurrence” refers to a phenomenon
where although a therapeutic effect appears to be exerted,
cancer then occurs at the same site or another site. That is,
the word “recurrence” is used, in a sense, to include metas-
tasis. The “recurrence” may also be called “relapse”.

As used herein, the “nematode” means Caenorhabditis
elegans. In the Caenorhabditis Genetics Center (CGC) of
College of Biological Sciences, University of Minnesota,
nematode strains isolated from various environments are
stored, open to the public, and available on request. Thus,
those skilled in the art can acquire almost any known strains
from the CGC. From the viewpoint of reproduction through
self-fertilization, hermaphrodites may be preferably used.

As used herein, the “tactic behavior” means attraction
behavior or avoidance behavior. The attraction behavior
means a behavior of making shorter the physical distance to
a certain substance. The avoidance behavior means a behav-
ior of making longer the physical distance to a certain
substance. An attraction behavior-inducing substance is
called an attractant. An avoidance behavior-inducing sub-
stance is called a repellent. nematode has characteristics
such as approaching to an attractant and escaping from a
repellent based on the olfaction thereof. A behavior of
approaching to an attractant is referred to as attraction
behavior (as used herein, sometimes referred to as “posi-
tive”). A behavior of escaping from a repellent is referred to
as avoidance behavior (as used herein, sometimes referred to
as “negative”). In addition, the attraction behavior and the
avoidance behavior are collectively called as tactic behavior.

As used herein, the “wild-type strain” is a nematode
wild-type strain. Examples include a common wild-type N2
Bristol strain. The wild-type strain as used herein may be a
strain by which attraction to urine obtained from each
subject with cancer is exhibited and avoidance to urine
obtained from each subject without cancer is exhibited.

Method of Analyzing Urine by Using System for Evalu-
ating Nematode Tactic Behavior
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A method of analyzing urine by using a system for
measuring nematode tactic behavior can be put into practice
by placing nematode worms at a certain distance from a test
sample (e.g., urine) obtained from a subject and observing
whether the worms exhibit attraction behavior to the test
sample or exhibit avoidance behavior thereto. Then, when
the attraction behavior is exhibited, the subject can be
evaluated as suffering from cancer or as having a possibility
of suffering from cancer. Accordingly, WO 2015/088039
discloses that in a medium-scale study of 242 test subjects,
cancer patients were successfully detected with 100% sen-
sitivity and 95% specificity.

More specifically, the method for analyzing urine by using
a system for measuring nematode tactic behavior may
comprise: for instance,

placing, on a dish (e.g., a dish on which a solid medium
is introduced), a test sample (e.g., urine) obtained from a
subject;

placing, on the dish on which the test sample is placed,
nematode worms positioned at a certain distance from the
test sample;

letting the worms behave after the placement; and

evaluating that the subject suffers from cancer or may
suffer from cancer when the worms exhibit attraction behav-
ior to the test sample.

nematode tactic behavior can be evaluated by determining
the difference and/or the ratio between the number of worms
attracted to the test sample and the number of worms
repelled from the test sample. The difference in the number
of worms may be used for assessment. When the difference
is a positive value, the test sample as a whole induces
attraction behavior and can be assessed that the test sample
is derived from a cancer patient. When the difference is a
negative value, the test sample as a whole induces avoidance
behavior and can be assessed that the test sample is derived
from a healthy individual. In addition, the nematode tactic
behavior can be measured by using, for instance, the fol-
lowing tactic behavior index as an indicator.

A-B
A+B

ion 1
(Tactic index) = [Expression 1]

wherein, A represents the number of worms exhibiting
attraction to a test sample; and B represents the number of
worms exhibiting avoidance to the test sample.

If the tactic index is a positive value, the test sample as a
whole induces attraction behavior and can be assessed that
the test sample is derived from a cancer patient. If the tactic
index is a negative value, the test sample as a whole induces
avoidance behavior and can be assessed that the test sample
is derived from a healthy individual.

As the tactic index is closer to 1, the percentage of worms
exhibiting attraction behavior is indicated to be larger. As the
tactic index is closer to -1, the percentage of worms
exhibiting avoidance behavior is indicated to be larger. If the
tactic index is closer to 0, it is interpreted that the worms
exhibit neither attraction behavior nor avoidance behavior.
The larger the absolute value for the tactic index, the clearer
the behavior assessment results.

The present inventor has found that there is a sharp
change in nematode tactic behavior to urine from each
cancer patient, who has received treatment, between before
and after the treatment of cancer. Accordingly, the present
inventor has found that, based on the nematode tactic
behavior to urine from each cancer patient before and after
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treatment, therapeutic effects of the cancer treatment can be
evaluated. The present inventor has also found that, based on
the nematode tactic behavior to urine from each post-
treatment cancer patient, recurrence of cancer can be pre-
dicted.

The present invention can provide a method for evaluat-
ing (or a method for predicting, a method for detecting, or
a method for diagnosing, or a method for acquiring basic
information about) a therapeutic effect of cancer treatment in
a cancer patient, wherein based on nematode tactic behavior
to each of pre-treatment urine and post-treatment urine from
a cancer patient, an therapeutic effect of the cancer treatment
is evaluated (or predicted, detected, or diagnosed). The
above method makes it possible to observe how the nema-
tode tactic behavior changes between before and after the
treatment by measuring nematode tactic behavior to each of
pre-treatment urine and in-treatment or post-treatment urine
from the cancer patient; and comparing a result of measuring
the tactic behavior to the pre-treatment urine and a result of
measuring the tactic behavior to the in-treatment or post-
treatment urine. Optionally, the results of measuring the
tactic behavior between before and after the treatment can be
output.

As used herein, the “pre-treatment” means a time before
cancer treatment to be evaluated. For instance, during three-
months treatment, therapeutic effects from one month to two
months after initiation of the treatment may be evaluated. In
this case, the cancer treatment to be evaluated is “treatment
from one month to two months after initiation of the
treatment”. Accordingly, the “pre-treatment” in this case
refers to one month after initiation of the treatment and the
pre-treatment urine is urine obtained at one month after
initiation of the treatment. That is, the term “pre-treatment”
does not necessarily mean a time before initiation of a series
of treatment, but sometimes means a time during treatment.
Thus, the term is a relative term meaning a time before
initiation of cancer treatment to be evaluated.

As used herein, the “in-treatment” means a time amid
cancer treatment to be evaluated.

As used herein, the “post-treatment” means a time after
cancer treatment to be evaluated. For instance, during three-
month treatment, therapeutic effects from one month to two
months after initiation of the treatment may be evaluated. In
this case, the cancer treatment to be evaluated is “treatment
from one month to two months after initiation of the
treatment”. Accordingly, the “post-treatment” in this case
refers to treatment at two months after initiation of the
treatment and the post-treatment urine is urine obtained at
two months after initiation of the treatment. That is, the term
“post-treatment” does not necessarily mean a time after
completion of a series of treatment, but sometimes means a
time during treatment (e.g., a case where after the treatment,
another cancer therapy continues). Thus, the term is a
relative term meaning a time after completion of cancer
treatment to be evaluated.

The observation results are used to determine (or predict,
detect, or diagnose) that a therapeutic effect has been exerted
when attraction behavior is weakened or avoidance behavior
is strengthened after the treatment. In addition, the obser-
vation results are used to determine (or predict, detect, or
diagnose) that a therapeutic effect has been exerted when
attraction behavior to pre-treatment urine is exhibited and
avoidance behavior to post-treatment urine is exhibited.
Alternatively, the observation results are used to determine
(or predict, detect, or diagnose) that no therapeutic effect has
been exerted or the therapeutic effect has been poor when
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6

attraction behavior to pre-treatment urine is exhibited and
avoidance behavior to post-treatment urine is not exhibited.

For instance, when therapeutic effects of cancer treatment
are evaluated, there is sometimes a case where treatment A
is implemented by a certain time point and is switched to
treatment B after the certain time point or treatment B in
combination is started after the certain time point. The
treatment protocol may be changed in this fashion. At that
time, the present invention may also be used to determine
which of the treatment protocols is preferable by comparing
the therapeutic effects between before and after the change.
From this viewpoint, the present invention provides a
method for evaluating whether a treatment protocol is good
or poor, comprising:

[1] evaluating nematode tactic behavior to each of pre-
treatment urine and in-treatment or post-treatment urine
from a cancer patient between before and after a first
treatment protocol and comparing a result of evaluating the
tactic behavior to the pre-treatment urine and a result of
measuring the tactic behavior to the in-treatment or post-
treatment urine;

[2] evaluating nematode tactic behavior to each of pre-
treatment urine and in-treatment or post-treatment urine
from the cancer patient between before and after a second
treatment protocol and comparing a result of measuring the
tactic behavior to the pre-treatment urine and a result of
evaluating the tactic behavior to the in-treatment or post-
treatment urine; and

[3] comparing a therapeutic effect of the first treatment
protocol and a therapeutic effect of the second treatment
protocol.

According to the present inventor, provided is a method
for evaluating (or a method for determining, a method for
predicting, a method for detecting, or a method for diag-
nosing) proliferation of cancer (or volume of cancer) in vivo
in a cancer patient after treatment, wherein the proliferation
of cancer (or volume of cancer) is evaluated (or determined,
predicted, detected, or diagnosed, or basic information about
a therapeutic effect is acquired) based on nematode tactic
behavior to a time-series of urine from the cancer patient. In
the above method, a time-series of urine collected from a
post-treatment cancer patient is prepared and how the nema-
tode tactic behavior to each urine is changed can be
observed. Optionally, the results of measuring the tactic
behavior to the time-series of urine can be output.

The observation results are used to evaluate (or determine,
predict, detect, or diagnose) that the cancer has proliferated
(or the cancer volume has increased) when avoidance behav-
ior to the urine from the cancer patient is weakened or
attraction behavior thereto is strengthened as the time-series
for the above urine samples progresses. Alternatively, the
observation results are used to evaluate (or determine,
predict, detect, or diagnose) that the cancer has proliferated
(or the cancer volume has increased) when the tactic behav-
ior to the urine from the cancer patient has been changed
from avoidance behavior to attraction behavior as the above
time-series progresses.

From the viewpoints of cancer proliferation monitoring
and cancer recurrence monitoring, the time-series for urine
samples may be a periodically scheduled time-series. For
instance, the urine samples may be collected with an interval
of from 1 week to 1 year, for example, once every 1 week,
once every 2 weeks, once every 3 weeks, once every 4
weeks, once every 1 month, once every 2 months, once
every 3 months, once every 4 months, once every 5 months,
once every 6 months, or once every 1 year. Alternatively,
urine may be collected non-periodically when cancer pro-
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liferation or recurrence, for instance, is suspected or needed
to be checked. Urine may be collected at the time of
periodical urine collection as well as when cancer prolifera-
tion and/or recurrence is suspected. As used herein, the
“time-series” is used for a plurality of samples collected at
two or more different time-points. Accordingly, two or more,
three or more, or four or more urine samples may be
included in the time-series. If the results of measuring tactic
behavior to three or more urine samples are compared, an
advantage is that the trend of change (e.g., a change) in tactic
behavior is easy to understand.

The above method for evaluating (or method for predict-
ing, method for detecting, or method for diagnosing, or
method for acquiring basic information about) an therapeu-
tic effect of cancer treatment may be implemented further in
combination with the method for evaluating (or method for
determining, method for predicting, method for detecting, or
method for diagnosing, or method for acquiring basic infor-
mation about a therapeutic effect on) proliferation of cancer
(or the volume of cancer) in vivo in a cancer patient after
treatment. Specifically, a pre-treatment urine sample from a
cancer patient and a post-treatment urine sample from the
cancer patient are used to evaluate therapeutic effects of the
cancer treatment, and then, the proliferation of cancer and/or
the volume of cancer in vivo in the cancer patient may be
evaluated from a time-series of urine samples (see, for
example, FIG. 1).

The present invention provides a composition comprising
nematode worms used for evaluating a therapeutic effect of
cancer treatment. This composition may be used for the
above-described methods.

The present invention provides a composition comprising
nematode worms used for predicting or monitoring recur-
rence of cancer after treatment.

EXAMPLES

Example 1: Surgical Removal and Recurrence of
Tumor

The present inventor has since revealed that nematode
exhibits attraction behavior to urine from cancer patients. In
this Example, further investigated was how the nematode
attraction behavior was associated with removal and recur-
rence of tumor in a particular cancer patient.

The cancer patient with a very low level of each tumor
marker, which was negative in a tumor marker test, was
monitored.

The above cancer patient, whose tumor was removed and
then recurred, had the following history.

TABLE 1

Date Events

February 2015 Sigmoid colon cancer was found to be
metastasized into the lung (right middle
lobe) (stage la colon cancer)

April 2015 Surgical removal of primary lesion and
metastatic lesion

August 2015 No matters of concern were found in a

blood test or a CT test.

No matters of concern were found in a
blood test or a CT test.

Recurrence in the lung (right lower lobe)
was found by a CT test.

November 2015

End of
February 2016
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Urine was sampled from the above patient once every
about 1 month from nearly the date of operation in April
2015 and was frozen and stored.

Next, how nematode tactic behavior was associated with
each urine derived from the above patient was examined.
The tactic behavior was measured as described in WO
2015/088039. FIG. 1 shows the results.

As shown in FIG. 1, after the surgical removal of tumor,
attraction behavior to urine from the cancer patient disap-
peared and avoidance behavior appeared. Immediately after
the operation, in particular, a big change in the nematode
tactic behavior to urine was already detected. Meanwhile,
the day when the recurrence of cancer was detected by CT
is Feb. 28, 2016. The nematode worms exhibited, by the end
of September 2015, about 5 months before the day, attraction
behavior to urine from the above patient. Further, it was also
observed that avoidance behavior was weakened over from
May to August 2015 before the recurrence.

This result indicates that the concentration of nematode
attractant in urine from the cancer patient was very rapidly
changed after the removal of cancer. This has revealed that
the degree of surgical removal of cancer can be accurately
checked by the urine test using nematode worms.

In addition, the nematode worms detected an in-urine
attractant at several months before the recurrence was found
by CT, which made it possible to predict the recurrence in
the patient. This has demonstrated that the cancer patient
urine test using nematode worms is useful in evaluating
recurrence and/or outcomes of cancer.

Example 2: Urine Test Using Nematode Worms
Before and after Operation and Chemotherapy

In this Example, the results of Example 1 were repro-
duced by increasing the number of test subjects markedly.

Urine before and after operation and chemotherapy was
collected from each patient with colon cancer, gastric can-
cer, pancreatic cancer, esophageal cancer, bile duct cancer,
or gallbladder cancer, and was frozen and stored. One month
after the treatment, urine was collected from 45 test subjects.
Three months after the treatment, urine was collected from
15 test subjects.

nematode tactic behavior to each urine collected was
evaluated like Example 1.

As a result, it was observed that in 31 of 45 test subjects
(68.9%), the index changed to negative at 1 month after the
treatment (i.e., changed from attraction behavior to avoid-
ance behavior). It was also observed that in 10 of 15 test
subjects (66.7%), the index changed to negative at 3 months
after the treatment.

In this way, the nematode worms changed their tactic
behavior from attraction behavior to avoidance behavior
between before and after the treatment of each patient with
different cancer. This change in tactic behavior seems to
result from the phenomenon where nematode sharply detects
and responds to a change, between before and after the
treatment, in the level of an attractant contained in urine
from each cancer patient.

Cases of the above patients include an instance where a
cancerous tissue cannot be completely removed by treatment
and a case where cancer has already metastasized.

The above results have demonstrated that the cancer
patient urine test using nematode worms is useful in evalu-
ating treatment.

The invention claimed is:

1. A method for detecting proliferation of cancer in a
cancer patient after treatment, comprising:
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providing a nematode a distance from each of at least two
urine samples from the cancer patient to induce taxis
behavior of the nematodes,

performing chemotaxis assay using the nematode to

observe nematode taxis behavior to each of the 5
samples, wherein

the at least two urine samples from the patient are

obtained within the first 10 months after the treatment

at a time interval of from one week to three months and
before the proliferation of cancer becomes detectable 10
with computed tomography, and

the proliferation of cancer is detected when avoidance to

the urine samples from the cancer patient is weakened
or attraction thereto is strengthened during the interval.

2. The method according to claim 1, the proliferation of 15
cancer is detected when the taxis behavior to the urine
samples from the cancer patient is changed from avoidance
to attraction during the time interval.

3. The method according to claim 1, further comprising
outputting that the proliferation of cancer is detected when 20
avoidance to the urine samples from the cancer patient is
weakened or attraction thereto is strengthened during the
interval, and further comprising outputting that the prolif-
eration of cancer is not detected when avoidance to the urine
samples from the cancer patient is not weakened or attrac- 25
tion thereto is not strengthened during the interval.
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