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Abstract—Concept drift or class drift is the situation where
some whole learning data chunk occasionally change their classes
at different times based the known conditional probability
between the data and their classes. Some applications concerning
the class drift are cybersecurity, surgery prediction, weather
prediction. The class drift usually occurs in a data streaming
environment. Learning, classifying, identifying classes of class-
drift data in this environment are challenging problems in
machine intelligence. Several methods were proposed to detect the
occurrence of drift rather than to learning class-drifted data as
well as querying their classes. Furthermore, the computational
time complexity in those studies and memory overflow due to
streaming scenario are not seriously focused. This paper reviews
the series of polynomial space and time complexities of learning
algorithms to handle class-drifted data in streaming environment
based on the concept of discard-after-learn. A new neural
network structure and the theorems of recurrence functions to
compute the center, eigenvectors, and eigenvalues of the structure
are summarized.

Index Terms—discard-after-learn, streaming data classifica-
tion, concept drift, non-stationary environments, hyper-ellipsoid
function.

I INTRODUCTION

In this paper, we review the concept of discard-after-learn
introduced in our previous studies [6], [7], [8], [9], [10] and
its application to learning class-drift data in a streaming envi-
ronment. Generally, class drift or concept drift means a datum
changes its class based on a known conditional probability of
feature vector and its class [1], [2], [3]. The situation of class
drift occurs in various applications such as weather prediction,
surgery prediction, cybersecurity [20], [10]. There are several
types of class drift. The problem of learning class-drift data
is transformed into the problem of classification. If the data
set is fixed and only temporal class drift occurs, then learning
class-drift data or detecting the occurrence of class drift is not
so difficult. However, the advancement of new generation of
cellular network tremendously increases the amount of data
beyond the capacity of processing memory technology. These
data flow into a learning process as a continuous stream. This
makes the classical learning of class-drift data more complex
but challenging due to the memory overflow problem.

Most studies of class drift problem concerns the problem
of detecting whether any class drift occurs in the flow of data
set [21], [1], [2], [3]. In a streaming environment, various

Chidchanok Lursinsap is with Department of Mathematics and Computer
Science, Faculty of Science, Chulalongkorn University, Bangkok Thailand and
also with The Royal Institute of Thailand

learning methods were proposed [4], [5], [11], [12], [13],
[14], [15], [16], [17], [18], [19]. Most of them are based
on incremental learning concept. These approaches do not
focus on the issues of memory overflow and polynomial
learning time complexity. Unlike the others’ studies, both
issues were seriously studied in [6], [7], [8], [9], [10] in order
to eliminate the limitation and constraint of memory overflow
and to achieve a polynomial time complexity of learning step
with high classification accuracy. A set of new data capturing
functions and recurrence functions for updating parameters of
data capturing functions were introduced.

The rest of the paper is organized as follows. Section 2
discusses the constraints of concept drift imposed in [6], [7],
[81, [9], [10]. Section 3 introduces the concept of discard-
after-learn for classification. Section 4 extends the concept in
Section 3 to cope with concept drift. Section 5 concludes the
review.

II' CONSTRAINTS OF CONCEPT DRIFT

The streaming environment in discard-after-learn approach
[6], [7], [8], [9], [10] focuses on the following conditions.
Let M be the memory size for buffering each incoming data
chunk. The size of learning data 7" is assumed to be unknown
in advance but 7' > M. At time any ¢, the learning data enters
the learning process as a data chunk of size s(¢) < M. These
imposed conditions actually occur in several real applications
such as analysis of cybersecurity, weather prediction. At time
t, each learning datum X;(t) is a 2-tuple of (x;,7) where
x; € RY is a feature vector in d dimensions and 7 is a scalar
denoting the class of pattern x;. Class 7 may be the types of
banking account, gender, levels of weather severity, types of
cyber attack.

The class 7 of each X;(t) can be temporally or arbitrarily
changed due to some reasons which will not be concentrated
in this paper. But the feature vector x; is still the same.
This scenario is called concept drift or class drift. In fact,
there are two main types of concept drift [1] depending on
the probability of class distribution p(7) and probability of
learning pattern p(X;). The first type is called real concept
driftr where p(d;|X;) at time ¢ is not equal to p(7|X;(t + 1))
at time t + 1. The second type is called virtual concept drift
where p(X;) at time ¢ is not equal to p(X;) at time ¢+ 1 and
also p(7]X;(t)) at time ¢ is not equal to p(7|X;(t + 1)) at
time ¢ + 1. Generally, the problem of concept drift has been
studied in three main issues which are
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1) When does the concept drift occur?

2) How much different between the new concept and old
concept after the occurrence of drift?

3) Where is the drift region in the feature space?

In this paper, the words class drift is used instead of concept
drift to make it compatible with the discussion of learning
algorithm and relevant mathematical equations.

Thakong, phimolthares, and Lursinsap [9] generalized the
problems of concept drift and studied a new aspect of class
drift focusing on the expiration of data. Once a datum is
expired, its class drifts from any live class to the expired
class. Any datum in the expired class may be reactivated or
may be no longer live. The constraints imposed in [9] are the
followings. Suppose there are m classes. To focus the class of
a datume at different times, the class at time ¢ is denoted by
7(t).

1 (1) €{1,2,...,m}.

2) If 7(t) € {0,1,...,m} fort > 1, then 7(t + 1) €

{0,1,...,m}.
3) At time ¢, probability p(7(¢ + 1)|X;(¢)) is unknown a
priori.

4) For any X;(t) and X;(¢ + 1), the feature vector x; €
Xz(t) =X; € Xl(t + 1)

From the constraints, any datum X;(¢) can reenter the learning
process with a new class. Furthermore, the actual and recent
class of any already learned X;(¢) when its class is queried
must be correctly identified. The neural learning network
including the querying step proposed in [9] is based on
the concept of discard-after-learn and the new structure of
dynamic multi-stratum network.

IIT DISCARD-AFTER-LEARN FOR CLASSIFICATION

Since the amount of incoming data of all classes can
overflow the meomory size, it would better to discard any
learned data forever from the memory and represent them in
a form of the following hy{)er—ellipsoid function. Suppose the
data are in class 7. Let haT)(xk) be the a'* hyper-ellipsoid
function with vector variable xy,.

d o NT N2
hﬁT)(Xk)Zzw—k (1)
j=1

X}, is the feature vector. c is the center of hyper-ellipsoid. v;
is the j! eigenevector. Aj is the eigenvalue of v;. Eigenvector
v; denotes the distribution of data in the j th dimension and its
eigenvalue \; denotes the variance of data distribution along
the eigenvector. To generalize the hyper-ellipsoid function a
constant k is used instead of a constant 1.

The hyper-elliposid can be transposed and rotated according
to the center and the eigenvectors. One of the merits of hyper-
ellipsoid is its capabity to define the exact region of data
distribution. Thus, this capability is most suitable for replacing
the discarded data and their distribution shape as well as the
directions as shown in Figure 1. By using the merit of hyper-
ellipsoid, the steps of discard-after-learn for classification are
realized by Algorithm 1. Let H 7-@ be the i*" hyper-ellipsoid
of class 7.

capture the data

discard the data after learning

Vi

N

A

V2

Fig. 1: Capturing data by using a hyper-ellipsoid to represent
the data distribution.

Algorithm 1: Discard-after-learn for classification

While 3 new incoming {xg,...Xym} of class 7 do

1.
2 If {xs,...,Xm} is near existing HZ-(T) then

3 Expand Hi(T) to capture {Xg,...,Xm}.

4. Update all v; and \; of H'™.

5. Discard all {xg,...,Xm}-

6 else

7 Create a new H](-T) to capture {Xg,...,Xm}-
8 Discard all {xg,...,Xm}-

9. EndIf

10. If 3 two H) and H.” then

11. Merge H.™ and HIST) as one.

12. EndIf

13. EndWhile

Figure 2 illustrates an example of how Algorithm 1 works.
Suppose there are two classes, circle and square. At time
t1, there are two vectors in class circle entering the learning
process. Both of them are captured by an ellipse and discarded
afterwards. Next, a vector of class square enters the learning
process. Since the class of this vector is different from the class
of existing ellipse, so a new ellipse is introduced to capture
the incoming vector of class square. At time t3, another vector
of class square enters the learning process and it is near the
existing ellipse of the same class. Thus, the shape of this
ellipse is expanded to capture the new incoming vector. The
same steps are executed for times ¢4 and 5.

The concept of discard-after-learn induces several challeng-
ing problems. The first problem is how to update the center,
eigenvectors, and eigenvalues of each hyper-ellipsoid. The
second problem is how to merge two hyper-ellipsoids. The
last problem is how to identify the class of a queried vector.
Typically, computing and updating the center, eigenvectors,
and eigenvalues require the existence of all feature vectors.
But after being captured by a hyper-ellipsoid, they are com-
pletely discarded. Hence, a new computational method must
be introduced to solve these problems.

III-A  Updating Parameters of Hyper-Ellipsoid

The eigenvectors and eigenvalues of HéT) are computed
from the covariance matrix of all data captured by HéT>.
The first incoming data chunk can be used to compute the
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Fig. 2: Concept of discard-after-learn.

first covariance matrix. But after constructing H(ET), all data
are completely discarded. When another chunk of data enters
the learning process, the new eigenvectors and eigenvaules of
H((f) must be updated. However, the previous set of data is
nonexistent. Only the recently incoming data exist. Thus, the
problem is how to update the eigenvectors and eigenvalues of
a by using only the new incoming data and the covariance
matrix of the previous data set.

Jaiyen, Phimoltares,Lursinsap [6] studied the problem of
updating the eigenvectors and eigenvalues of HéT) when there
is only a single incoming feature vector. They introduced the
concept of recurrence equations to solve this problem. Let
{x1,X2,...,X;n} be the first incoming set of feature vectors
and X,,+1 be a new incoming feature vector. The following
Theorems summarizes the recurrence equations to compute the
new center, eigenvectors, and eigenvalues.

Theorem 1: The new center of H(ST) can be computed by the
following recurrence equation.

c(neu}) e’ c(old) + :lm_:i 2)
where ¢l = L35~ x,.
Proof:
1 m—+1
(new) _ Z .
c = —= D X 3
m+1 p
1 ( m
e —— Z X; + x’rn+1>
m+1 P

m__ (old) + Xm+l o

m+1 m+1

It is obvious that there is no need to store all the incoming
data in order to update the center. Only c(®¥, m, and x,,;1
are enough to compute c(°®). Once the first the center is
computed, the next updated center can be computed in O(1)
time complexity. If there are n incoming feature vectors,
then the time complexity is O(n). By using the concept of

recurrence equation, the new covariance matrix can be easily
computed in terms of old covariance and a new incoming
feature vector as stated in Theorem 2.

Theorem 2: [6] The new covariance matrix of H,ST) can be
computed by the following recurrence equation. Let M(°!®)
and M("e%) pe the current covariance matrix and new covari-
ance matrix, respectively. X,,+1 iS a new incoming feature
vector.

T
m M) Xm4+1Xm41

M(new) _ (new) _(new)\T
m+1 m+1 ¢ (c ;o
ool (C(old))T 3 C(old)(c(OZd))T
m+1

where M) = L5 (x; — clld))(x; — clold)T,

Since computing a covariance matrix can be written in a
form of summation, the similar proof of Theorem 1 can be
applied to Theorem 2. The time complexity of computing
M("e®) is O(d?®), where d is the dimensions of feature vector.
If there are n incoming feature vectors, the time complexity
is O(nd?) = O(n) (d is a constant).

Junsawang, Phimoltares, and Lursinsap [7] extended the
method in [6] to cope with a chunk of incoming data instead
of only a single datum. The recurrence equations to update
the center, eigenvectors, eigenvalues are modified as stated
in the following Theorems. Let A = {x1,X2,...,Xm} and
B = {Xmm+1,Xm+2,---,Xp} be the current data set and new
incoming data set, respectively.

Theorem 3: [7] The new center of AU B, cayp, is equal to

1
Caup = 7m+n(ch+ncB)

where c4 is the center of A and cpg is the center of B.

Proof:
moxXi + i =m+1"x;
can = i Ein : 4)
_ ZZ1Xi+2j:m+1nxj
m+n m-+n
_ m Y Xi n Z;'L:m+1xj
- m-+n m m-+n n
. mca ncp
o m-+n m-+n
1

= m (mCA +nCB) | ]

Only c4, cg, m, n are reqired to compute c 4y . The time
complexity to update the center of the first incoming chunk
is O(m). Each incoming chunk takes O(n) to compute the
center. Thus, the total time complexity is O(maxz(m,n)). The
new covarience matrix can be updated by the equation stated
in Theorem 4.

Theorem 4: [7] Let M 4 and M 4, be the covariance matrices
of sets A and A U B, respectively.

m M T 1 - T
AUB n A T CACYy ( n) JE:I Xm+jXm+j
- CAUBCZUB (5)
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Proof:

Maus = min <Z xzxz + Z Xm+]xm+]>

1 Jj=1
T
— CAUBCAUB
m n
= E XiX; E X4 X4
m+n 4 C m4n 4 ITmd
i=1 j=1
T
— CAuBCAUB
m T
= E xiXx; —cach | + cacy +
m-+n m+n
n
L X XT CA BCT
E m+j j — CAUBCAUB
m 4+ n < J4m—+g
J=

m m T 1 T
= My + caCy + g Xt j Xonti
m+n m+n o m+JSm-g
1=

m—+n
T
— CAUBCAUB
m T 1 - T
= M ) N m+j_m+j
m—l—n( Ateaca +(m+n) JZ:IX +iXmetj

T
— CAuBCAuUB u

Computing M 4 takes O(md?) and computing the covari-
ance matrix Mp of set B takes O(nd?). The time com-
plexity to compute both caupch ; and cac) takes O(d?).
Thus, updating the covariance matrix stated in Theorem 4 is
O(md?) + O(d?) + O(nd?) + O(d?) = O(max(m,n)d?).

III-B  Merging Two Hyper-Ellipsoids

To speed up the learning process and to avoid the over fitting
problem, some near hyper-ellipsoids must be merged into
one hyper-ellipsoid. However, arbitrarily merging two hyper-
ellipsoids and replacing them by a larger one may induce too
much some wasted space which can lead to a misclassification.
Suppose H 1(7) and HQ(T) are two hyper-ellipsoids of class 7
with c¢; and cy as their centers, respectively. The following
conditions must be satisfactory prior to merging two hyper-
ellipsoids [8].

1) b7 (cy) <0 or

2) hiﬂ(cl) <0.
These two conditions imply that either the center c, lies inside
Hfﬂ or the center c; lies inside HéT). After merging two
hyper-ellipsoids, a new larger hyper-ellipsoid H. éT) is created
to replace two previous ones. The center and covariance matrix

of H éT) can be computed by the equations stated in Theorem
5.

Theorem 5: [8] Let m and n be the amount of feature vectors
captured by H 1(7) and HQ(T),respectively. Then, the center and
covariance of H. éT are the followings.

c3 = n (me1 + ne2)
m n mn T
M; = M M — _
3 n 1+ n 2+ +n(Cl c2)(c1 — ¢2)

Computing c3 takes O(d) and M3 takes O(max(m, n)d?)+
O(d?) = O(max(m,n)d?).

IV DISCARD-AFTER-LEARN FOR CONCEPT-DRIFT

The concept drift studied in [9] focuses on the case of class
change only in a streaming environment. This implies that the
stream of incoming data can overflow the memory. Therefore,
the concept of discard-after-learn is adapted to handle this
situation. The features of each datum do not change. The
problem based on the constraint of only class change but fixed
features is how to identify the recent class of a queried datum
after several changes or drifts. To capture a datum having class
change and lying in the hyper-ellipsoid of the old class, a new
hyper-ellipsoid must be introduced to capture this datum. By
doing this, two hyper-ellipsoids obviously overlap each other
which makes it difficult to identify the recent class of this
datum.

Figure 3 illustrates an example of how to learn class drift.
There are three classes which are red, green, blue. At time %1,
four blue data are captured by a blue ellipse and all data are
discarded. At time ¢5, datum X; of class blue datum changes
its class to class red and one new incoming red datum enters
the learning space. A new ellipse of class red is introduced to
capture these two red data. After capturing them, these red data
are discarded. At time ¢3, X reenters with class green. A new
ellipse of class green is introduced to capture X; and datum
X, is discarded afterwards. Note that three ellipses overlap
and superimpose one another. If the class of X; is queried,
then which ellipse should be considered as the recent one.

discard data in class
red and capture datum
in class green

discard data in class
blue and capture two

data in class red
4 data in class blue

@W

class change
from red to green

Fig. 3: An example of class drift handled by discard-after-learn
concept. There are three classes which are red, green, blue.

Thakong, Phimoltares, Jaiyen, and Lursinsap [9] proposed
a new neural network structure to learn class-drift data called
dynamic stratum network (D-stratum network). The network
has two strata, i.e. the lower and upper strata. The first stratum
keeps track of the current classes of data. If any datum changes
its class, then the datum is moved from the lower strata to
the upper stratum. When the class of a datum x, is queried,
the class of x, is identified by computing the hyper-ellipsoid
function h?(x,) in Eq. 1, for 1 <i < kand j € {1,2,...,q}
in the upper stratum first. If 3 hg (x4 <0, then assign class j
to X,. But if none of them exists, then the hyper-ellipsoids in
the lower stratum are tested.

Figure 4 shows an example of how a D-stratum network
works. There are four events. In event 1, there are class 1 with
data A and B and class 2 with data C' and D. Since this is the
first set of incoming data. So all of them are assigned to the
upper stratum. In event 2, datum B changes its class from class
1 to class 2 and the other data do not change their classes. Thus
all data without class change are assigned to lower stratum.
Only datum B whose new class is 1 is assigned to the upper

J Chulabhorn Royal Acad. 2019; 1(1): 1-6



stratum. In event 3, datum changes its class from class 2 to
class 0 and datum D changes its class from class 2 to class 0.
In [9], class O is the expired class. Therefore, Data B and D
are assigned to the upper stratum while data A and C are still
in the lower stratum. The ellipsoid capturing datum B in event
2 is discarded since datum B is no longer in class 2. In event
4, datum A changes its class from class 1 to class 0 and datum
C changes its class from class 2 to class 1. Furthermore, there
is a new incoming datum F entering the learning process.
Hence, data A, C, and E are assigned to the upper stratum
but the other data are still in the lower stratum. The ellipsoids
of classes 1 and 2 in the lower stratum are discarded since the
data in these ellipsoids have class changes.

time line

upper stratum

event 1 Qc\ hss 2
: claajs 1 claj
C D

time 2|

. clas$ 1 clags 2
time 1 |

A B () i A B
/ lower stratul/
upper stratu

event 2
time line

event 1
new incoming datum

in class 1
dass0 upper stratum\‘)

cjass 1
o )
|

class 0 F
class 0
) ;
- / class 2 remove entire class { ) WEMW class
< : )

X | X )

“r e \ j % j/
, class 1 class 2

A_B cpo | A'B c D

lower stratur/

event 3

time 4 upper stratum

time 3

time 2

time 1

event 4

Fig. 4: An example of how dynamic stratum network works
[9]. There are four events.

IV-A  Updating Parameters of Hyper-Ellipsoid in D-Stratum
Network

When a datum of any H(ET) changes its class, it must
be virtually discarded and two parameters, the center and
covariance matrix, of Hy) must be updated. There are two
cases to be considered. The first case is when only a single
datum changes its class. The second case is when there is
a chunk of data changes its class. The following Theorems
stated the recurrence equations to updates the parameters.

Theorem 6: [9] If only datum x; € HéT) changes its class and

H, ,ET) has m data before the class change, then the new center
of H{™ is

m X
—C(Old) _ 7

(new)
¢ m—1 m—1

where c(?'?) is the center before class change.
The time complexity of c(°/4) from the first incoming data
set is O(m). Then each new incoming datum takes O(1).

Theorem 7: [9] If only datum x; € ngT) changes its class
and HC(LT) has n data before the class change, then the new
covariance matrix of H(ET) is

m_ppleld) 1

M(new) -
m—1 m

(_C(new) + Xj)(c(new) _ Xj)T
where M(?!4) is the covariance matrix before class change.
M) is computed from M("¢®) of size d? and the matrix

of size d? computed from center c("*) and its transpose.
Thus, the time complexity of M%) is O(d?).

Theorem 8: [9] If a chunk of n data changes its class and the
center of this chunk is ¢(¢"¥"%) then the new center of H,ST)
is

m
C(new)

(mc(old) o nc(chunk))
m—-n

where c(®'®) is the center before class change.

The time complexity of ¢(°/4) from the first incoming data
set is O(m). Then each discarded chunk takes O(n). So the
total time complexity is O(m) + O(n) = O(max(mn,n)).

Theorem 9: [9] If a chunk of n data changes its class and the
covariance matrix of this chunk is M(chunk) then the new
covariance matrix of H(ET) is

m M(old) _ n M(chunk)
m—-n m—-n
mn (C(old) _ C(chunk‘))(c(old) _ C(chunk))T

M(new)

m—n

where M (°1) is the covariance matrix and c¢(°‘9) is the center
before class change.

The time complexity of each term is O(d?). So the total
time complexity of M("¢®) is O(d?).

V CONCLUSION

The difficulties of learning class drift data and identifying
the classes of queried data in a data streaming environment
are the state of memory overflow and pursuing the recent
class of datum whose class is drifted. A new neural network
structure based on an arbitrarily rotatable and transposable
hyper-ellipsoid function and dynamic stratum network was
summarized along with the concept of discard-after-learn.
To achieve polynomial learning time complexity, a set of
recurrence functions to compute the center, eigenvectors, and
eigenvalues of hyper-ellipsoids were examined. Furthermore,
the method to pursue the recent class of any class-drifted data
based on the dynamic stratum network was also discussed.
Although, these studies can efficiently handle the class drift
problem, the structure of hyper-ellipsoid is not easy to decom-
pose into two smaller hyper-ellipsoids when most data lying
in at the end or in the middle region of hyper-ellipsoid. A
new mathematical structure should be investigated to solve
this difficulty.
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Abstract

Some 60%—70% of cancer patients suffer metastasis. Oligometastasis refers to metastatic disease
with limited volume usually five or fewer metastatic lesions. Curative use of surgical
metastasectomy has been based on non-randomized evidence, especially for isolated lung and
liver metastases, with phase Ill randomized control trials limited to select sites, such as surgical
resection plus radiotherapy (RT) for solitary brain metastases compared with RT alone.
Stereotactic Body Radiation Therapy (SBRT) is a highly conformal RT modality delivered at high
doses per fraction; it has been shown to be safe in treating oligometastases. Although randomized
studies for SBRT in oligometastases are limited, a recently published phase Il study showed
significant improvement in progression-free survival with local consolidative therapy after initial
systemic therapy in patients with colorectal carcinoma and non-small cell lung carcinoma. Several
ongoing randomized phase lll studies are evaluating the use of SBRT in oligometastatic disease.
Early detection and aggressive local treatment, such as surgery or RT, can improve progression-
free and overall survival without increased complications for cancer patients with oligometastases
are summarized.

Keywords: radiation therapy, stereotactic body radiation therapy, oligometastasis

Introduction

In 2008, the World Health Organization
reported 12.7 million new cancer diagnoses
and 7.6 million cancer deaths. An estimated
18 million new cancer diagnoses and 9.6
million cancer deaths occurred in 2018, with
more than 50% occurring in Asial3. Most
cancer mortality is associated with
disseminated disease rather than primary
tumors. Metastasis is a factor in cancer
treatment and survival. Most patients with
localized cancers have significantly better
prognosis than those with disseminated

tumors. Metastasis can occur in early-stage
disease; 60%—70% of patients have initiated
the metastatic process at the time of their
diagnosis®.

Mechanism of metastasis

Metastasis has a complex mechanism.
Cancer cells usually colonize secondary sites
through sequential steps, to produce
clinically detectable lesions; starting with
separation from the primary tumor, followed
by breaking through basement membranes,
invading surrounding tissues, and entering
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circulation and lymphatic drainage to distant
organs®.

The concept of metastasis in stage IV
cancer patients was changed in 1995. Hellman
and Weischselbaum described this condition
as “oligometastasis,” which is a potentially
curable intermediate stage between localized
and metastasized disease®®. Although the
definition of oligometastatic disease is
somewhat controversial, most clinical trials
and oncologists accept a definition of 1-3 or
1-5 metastatic lesions’®. Local control in
patients with oligometastatic cancer reportedly
improves systemic control and prolongs
disease-free survival and overall survival(0S)®”.

Oligometastasis is based on a model
in which cancer is composed of heterogenous
potential tumor cells. Many different clones
are generated, and subclones that can best
adapt to the new microenvironment will
metastasize. When cells with low metastatic
potential happen to metastasize, it may lead
to an oligometastatic state>.

Other characterizations include oligo-
recurrence, by which limited metastases are
found in the presence of a treated (controlled)
primary lesion®% and oligo-progression, which
refers to malignancy that has progressed to a
limited number of distant sites®1°,

Standard care

Oligo-met

Standard care +

Treatment of Oligometastasis

Systemic therapy is the standard treatment
for metastatic disease. However, as
oligometastasis, is limited in extent and
number of metastatic sites, local therapies,
such as surgery, radiation therapy (RT) or
radiofrequency ablation (RFA), may be
efficacious. Patients with oligometastatic
disease are a very heterogeneous group, and
few clinical trials have long-term follow up.
However, a multidisciplinary approach seems
likely to benefit these patients. Oligometastasis
treatments with proven results include
resection of liver metastases from colon
cancer, resection or SBRT for lung metastases
from multiple primaries, surgery or radiosurgery
for brain metastases, and SBRT of solitary
bone metastases!’.

Strong clinical evidence of oligometastasis

Local therapy modalities for oligometastasis
are widely available, including surgery, RT,
RFA and cryotherapy, but demonstrations of
their benefits ideally require phase Il
randomized controlled trials (RCT). Although
many trials are ongoing, phase lll trials are
rare. Figures 1 and 2 show designs for RCTs of
oligometastasis treatments.

Primary
endpoint

PFS
or better

Focal therapies 0s

Standard care could be systemic treatment or observation

Figure 1: The design of ideal randomized is straightforward PFS: Progression free survival,

OS: Overall survival
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Focal therapy alone

Oligo-met

Focal therapy +

Primary
endpoint

PFS
or better

Systemic therapy 0s

Figure 2: Design assessing the added value of systemic treatment to focal therapies
PFS: Progression free survival, OS: Overall survival

In 2004, a phase Il RCT (RTOG9508)
showed benefits from local treatment of
limited brain metastasis. Andrews et al.
found that adding a Stereotactic Radiosurgery
(SRS) boost to whole brain radiotherapy
improved median OS from 4.9 to 6.5 months
and increased median OS by 1.6 months in
patients with single unresected brain
metastases. However, OS was detected only
in subgroup analysis; it did not indicate
survival benefits for those with 2 or 3 brain
metastases’?.

In 2012, the EORTC Intergroup phase Il
study (EORTC 40004) first showed survival
advantages from RFA. This RCT studied 119
patients with colorectal cancers (CRC) that
had metastasized to the liver without
extrahepatic disease, and who had received
either systemic treatment alone or systemic
treatment plus local RFA. This result showed
RFA plus systemic treatment led to significantly
longer progression-free survival (PFS), from
40.5 to 45.3 months'3; and in 2017, a 10-year
follow-up study showed significantly better
8-year OS benefit for the intervention group
(combined therapy arm: 35.9%, systemic
treatment arm: 8.9%; hazard ratio: 0.58; P =
0.01)%*

In 2016, Gomez et al. compared systemic
maintenance therapy alone with maintenance

plus aggressive local consolidative therapy
(LCT; surgery or RT) in in a phase Il RCT of
patients with stage IV non-small cell lung
carcinoma (NSCLC) with <3 metastatic lesions
after 1st-line systemic therapy. The study
was terminated early after a median follow-
up time for PFS of 18.7 months; median PFS
was LCT (n=25): 11.9 months, maintenance
(n=24): 3.9 months (P=0.005). Toxicity was
similar in both groups, with no grade 4-5
events!®>. Recently, this clinical trial was
published with an updated median follow up
time of 38.8 months. The data showed benefit
in overall survival in the LCT arm (41.2
months with LCT vs 17 months with MT; p =
0.017). Moreover, there was longer survival
after progression in the LCT group (37.6
months with LCT v 9.4 months with MT; p =
.034). In conclusion, the oligometastatic NSCLC
patients did not have progression disease
after front-line systemic therapy, LCT
prolonged PFS and OS relative to MT?6,

In 2018, a single-institution, phase Il RCT
by lyengar et al. of maintenance chemotherapy
alone (n=15) versus SBRT followed by
maintenance chemotherapy (n=14) for
patients with limited metastatic NSCLC
(primary plus < 5 metastatic sites) was
stopped early because the SBRT with
maintenance therapy arm had significantly
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longer PFS (9.7 months) than did the control
arm (3.5 months; P = 0.01). Toxic effects were
similar in both arms?'’,

The goals of RT for oligometastasis are
increased local control, and decreased distant
metastasis and RT side effects. Although
accumulating evidence indicates that localized
therapies, especially SBRT, have advantages
for extracranial oligometastases, reports from
RCTs are only starting to appear. Evidence-
based recommendations for patient selection
and optimal combinations of local and
systemic treatments are anticipated®.

In 2019, Palma et al showed the result of
the randomized, open-label phase 2 study in
the controlled primary tumor with one to five
metastatic lesions. The patients were ran-
domized to receive either palliative standard
of care treatments alone (control group), or
standard of care plus SBRT to all metastatic
lesions (SBRT group). In this study there were
33 patients in the control group and 66
patients in the SBRT group. Median overall
survival was 28 months in the control group
versus 41 months in the SBRT group (hazard
ratio 0.57, 95% Cl 0.30 — 1.10; p=0.090).
Adverse events of grade 2 or worse occurred
in three (9%) of 33 controls and 19 (29%) of
66 patients in the SBRRT group (p=0.026).
Treatment-related deaths occurred in three
(4.5%) of 66 patients after SBRT. In con-
clusion, the controlled primary tumor with
one to five oligometastasis patients had
benefit in overall survival and progression
free survival in SBRT group. But three (4.5%)
of 66 patients in the SBRT group had
treatment-related death. Further phase 3
studies are needed to conclusively show an
overall survival benefit in the future®®.

The role of SBRT in oligometastases

SBRT is a specialized RT technique, charac-
terized by high doses of radiation per fraction
(5-34 Gy) to small-volume targets. The
treatment requires few overall treatment
fractions, but needs an accurate tumor-

targeting system. The advantages of SBRT are
non-invasive treatment, high local control
(70%-100%), few toxicities and low treat-
ment mortality. So far, no RCTs have
compared SBRT with surgery in treating
oligometastasis. Historically, the role of RT in
treating oligometastasis has been limited
because of the lack of effective systemic
therapy and inferiority of RT techniques
compared with current standards. However,
high-dose RT can be safely delivered to
patients with few and small identified meta-
static lesions. Many patients with oligometa-
stasis receive systemic therapy; this may
impair their physical strength, but doesn’t
always achieve long-term survival. Less in-
vasive local therapy might allow them to live
their remaining lives with better quality of life>.

Local treatment in oligometastasis to liver
and lung metastasis

Liver metastasis

Combined systemic therapy and resection
of liver metastases has been used to manage
patients with confined liver metastasis from
colorectal cancer (CRC). According to the
National Comprehensive Cancer Network
(NCCN) guideline, surgery is the standard of
treatment for CRC with liver metastases
only?®. However, hepatic metastases are
resectable in only about 20% of patients?°.
Resectability is often limited by unfavorable
metastatic site, poor liver function, and/or
poor performance status.

Table 1 shows outcomes of SBRT for hard-
to-resect liver metastases from CRC and
other origins. Two-year OS rates varied from
30%-83%%1"23. Two-year local control rates
were over 80% and were higher for patients
treated with high-dose regimens in two
studies?*?°. Little toxicity was observed?®.
However, these outcomes may depend on
biased patient selection.
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Table 1: Studies of stereotactic body radiotherapy for liver metastasis Lung Metastasis

Study Type

N/Lesions Dose

Outcomes

VanDerPool et al?!
(2010)

Retrospective

Rusthoven et al??
(2009)

Prospective

Rule et al?3 (2011) Prospective

20/31 12.5-15Gyx3F

2-yr OS 83%

47/63 12-20Gyx3F 2-yr OS 30%
27/37 10 Gy x 3-5F or 2-yr LC
12 Gy x5F 56% (50 Gy)

89% (60 Gy)

Systemic therapy led to improved
outcomes in patients with stage IV CRC who
underwent resection of pulmonary oligo-
metastasis with curative intent. In the NCCN
Clinical Practice Guidelines, pulmonary or
hepatic resections (respectively) are re-
commended for oligometastases®®. However,
no prospective RCTs have studied the efficacy
of resection in this setting. Local recurrence
rates after resection of oligometastases from
CRC are reportedly 19.5%-28%%"-%°. For
inoperable patients with limited pulmonary
metastases from CRC, SBRT may be

administered. Table 2 shows outcomes of
SBRT for pulmonary metastases3?33, SBRT
was prescribed at various doses. Two-year
local control and OS rates were 80%—95% and
39%—86%, respectively. Grade > 3 radiation
pneumonitis was observed in only 0%—8%.
No other toxicities were observed. Widder et
al compared outcomes after SBRT with
pulmonary metastasectomy among patients
who were offered pulmonary metastasecto-
my as their first choice and SBRT for less
suitable surgical candidates.

Table 2: Studies of stereotactic body radiotherapy for lung metastasis

Study Type N/Lesions Dose Outcomes
Norihisa et al3° Retrospective  34/43 12 Gyx4-5F 2-yr OS 84.3%
(2008)
Guckkenberger Retrospective  84/118 6-7 Gy x4-8 F 2-yr OS 81%

et al?! (2009)

Ernst-Stecken et al®>  Prospective
(2006) (r=m

Widder et al33
(2013)

Retrospective

18/36 7-8Gyx5F

10-12.5Gyx3F

CR rate 51%
PR rate 33%

110 pts. 7.5-20Gy x 3-8 F 2-yr LC 90-94%
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Patients who were treated with SBRT had
less favorable prognostic factors, such as
older age, shorter metastasis-free intervals,
and a different distribution of primary
tumors, and were therefore considered to
have worse prognoses. Despite this bias in
selection, their survival after SBRT was
significantly the same as for patients who
underwent pulmonary metastasectomy.
Prospective studies are needed to verify the
roles of both SBRT and pulmonary meta-
stasectomy in oligometastatic disease®3.

Many retrospective studies indicate that
metastasectomy is the first choice in liver and
lung oligometastasis from CRC. Although
SBRT seems to be appropriate for patients
who are unsuitable candidates for surgery,
prospective studies are needed.

Ongoing trial

There are the several ongoing clinical trials
in using SBRT for oligometastases (Table 3).
Stereotactic Body Radiotherapy (SBRT) for
the Treatment of OligoMetastasis in Breast
Cancer Patients: A Prospective Feasibility Trial
is evaluating the use of systemic therapy with
radiation therapy for oligometastasis up to 5
sites (NCT03295916). The Local Treatment in
ER-positive/HER2-negative Oligo-metastatic
Breast Cancer (CLEAR) is a multicentre,
single-Arm, Phase 2 Trial in Korea including
metastasis breast cancer or recurrent breast
cancer patients with local treatment included
surgical resection, stereotactic body
radiotherapy, and radiofrequency ablation in
oligometastases: < 2 lesions in single organ or
site (lung, bone, liver, adrenal glands, distant
LNs) (NCT03750396).

Table 3: Selected clinical trials of SBRT for oligometastasis

Trial Phase Cancer SBRT dose OM site Primary
outcome
NCT03295916 I Breast 1-6 F of < 5 sites Technical
(STOMP trial) 5-20 Gy /F feasibility of
SBRT to multiple
sites
NCT03750396 Il Breast 57-97.5Gyin < 2 lesions PFS
(CLEAR trial) 6-10 F in single
organ or
site
NCT03457467 Il Breast 12 Gyx4For < 5sites 3-year OS
8Gyx7F
NCT03965468 Il NSCLC max of 10 F < 5sites 3-year PFS
(CHESS trial) over 2 wks
NCT03927898 Il Metastatic SBRT < 5sites 1-year PFS
Colorectal (BED>80Gy)
Cancer
NCT03070366 Il Head and Neck 10-20Gyin3F < 3 sites 1-year OS
(OMET trial) Squamous Cell or
Carcinoma 7-10Gyin5F
NCT02680587 Il Prostate 1-5F < 3 sites Time to
(ORIOLE trial) progression
J Chulabhorn Royal Acad. 2019; 1(1): 7-15 12



In China, Clinical Study of Apatinib
Combined with SBRT in the Treatment of
Oligometastasis of Breast Cancer s
evaluating the use of targeted therapy with
radical radiotherapy for primary breast
cancer and up to 5 metastasis lesions
(NCT03457467). A Single-Armed Phase I
Study of Radiation and Bevacizumab
Maintenance Therapy for Oligometastasis of
Lung Adenocarcinoma with Negative Driver
Gene is currently ongoing.

This study is determined to explore the
efficacy and safety of radiotherapy and
bevacizumab maintenance therapy for oligo-
metastatic lung adenocarcinoma with negative
driver genes (NCT03905317). Phase Il Study
of Toripalimab Plus Stereotactic Body
Radiotherapy in Colorectal Cancer Patients
with Oligometastasis is exploring the use of
SBRT in combination with immunotherapy in
colorectal cancer patients with oligo-
metastasis, in order to get better local and
systemic tumor control and improve
progress-free survival. In head and neck
cancer, there is Randomized Phase Il Trial
Comparing Chemotherapy Combined with
Stereotactic Radiotherapy and Stereotactic
Radiotherapy Alone, for Treatment of Oligo-
metastases in Squamous Cell Carcinoma of
the Head and Neck. The aim of this study is
to evaluate the rate of 1-year overall survival
without definitive deterioration of quality of
life (NCT03070366). Phase Il Randomized
Observation Versus Stereotactic Ablative
Radiation for Oligometastatic Prostate
CancEr (ORIOLE) Trial is phase 2 trial in the
United States. This study is being done to
determine the outcome of prostate cancer
patients who have failed primary treatment
and have 3 or fewer bone metastases
(NCT02680587).

Future Directions

The role of SBRT in managing oligometa-
static disease has several indefinite aspects,
such as how to select suitable patients for

local control with curative intent, and
whether or not SBRT should replace
resection. Developing new biomarkers or
other means of predicting treatment
response are needed for applying this
treatment strategy in clinical practice.
Randomized studies that compare SBRT and
surgery or other local treatments are
necessary to optimize treatment for oligo-
metastatic disease.

Conclusions

Clinical and biological evidence indicates
that oligometastasis is a genuine disease
state, and can be locally controlled by SBRT.
However, we must establish better means of
identifying patients with oligometastases;
use of local consolidation therapy might
therefore be helpful. Prospective, randomized
trials to evaluate the efficacy and validity of
SBRT are also needed to guide the treatment
of oligometastatic disease.
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Abstract

There has been a misunderstanding about the use of cannabis for the treatment of cancer, cancer-
related symptoms and chemotherapy-induced adverse effects. To encourage the rational medical
use of cannabis, this article aimed to provide information regarding cannabis and cancer
emphasizing on medical pharmacology, evidence-based medicine, limitations in animal studies and
clinical trials, side effects and withdrawal syndromes, and recommendations on its uses in end-
state cancer patients. It was found that no cannabis compounds were effective in cancer inhibition
in human studies. No statistical significances on the benefits for pain and appetite have been
found in cancer patients. Dronabinol and nabilone, the two single synthetic compounds of the
natural delta-9-THC, were effective in and thus indicated for alleviating nausea and vomiting
induced by chemotherapy. Cannabis and cannabinoids showed synergistic effects with
chemotherapeutic agents such as paclitaxel and 5-fluorouracil. They could help improve the
quality of life for advanced-stage cancer patients. Consequently, they should be delivered
correctly with the right dose, strength, and dosage form under the supervision of trained medical
practitioners and pharmacists. Frequent side effects of cannabis included bradycardia, hypotension,
dizziness, loss of coordination, muscle weakness, and mood swing. In some cases, more
depression, paranoid, and hallucination could be found especially in cancer patients in whom

depression co-existed.

Keywords: cannabis, cancer, pain, nausea, vomiting, chemotherapy
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Abstract

Background: Papillary thyroid carcinoma (PTC) is the most common thyroid carcinoma, at 80% of
diagnoses. As it is characterized by gradual, indolent growth, its prognosis is generally good.
Metastases are mainly limited to regional lymph nodes, and rarely reach other head and neck
structures. Case report: A 65-year-old Burmese woman, who had been diagnosed with PTC of the
left thyroid lobe in 1997 and underwent a left thyroidectomy in Myanmar, presented with a right
nasopharyngeal mass. A biopsy indicated papillary adenocarcinoma, and was strongly positive for
CK7, TTF1 and thyroglobulin stain. Her serum thyroglobulin and anti-thyroglobulin levels were also
elevated. Conclusion: A few patients with PTC suffer hematogenous metastasis to lung, bone,
liver, or brain. However, metastases to head and neck structures are very rare, and are proposed

to occur through lymphatic spreading.

Keywords: Nasopharyngeal metastasis, Papillary thyroid carcinoma

Introduction

Papillary thyroid carcinoma (PTC) is the
most common subtype of all thyroid carcinomas,
followed by follicular, poorly differentiated
and Hurthle cell subtypes™. It is an indolent
tumor characterized by gradual growth and
therefore has a favorable prognosis>®.
Although PTC metastases are mainly limited
to regional lymph nodes (LNs), 10%-15% of
patients eventually present with distant
metastasis via hematogenous spreading, of
which 65-70% settle in the lungs, bone,
brain, or liver’.

Apart from the cervical LNs, few cases of
regional head and neck PTC metastasis have
been reported; but some have been found at

the parapharyngeal space (PPS)®!!, paranasal
sinus'?2, nasal cavity’, hypopharynx, or
larynx3-1>.  Rouviere described upward
lymphatic spread of this tumor via the lateral
retropharyngeal nodes!!. However, to our
knowledge, no case of metastatic PTC
presenting with a nasopharyngeal mass had
been reported. Here, we reported a rare case
of metastatic PTC presented as a naso-
pharyngeal mass, which was difficult to
distinguish from primary nasopharyngeal
carcinoma.

The patient also had synchronous bilateral
lung and pleural metastases. Her cancer was
successfully diagnosed using immune-
histochemistry (IHC). We also addressed the
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radiologic characteristics of metastatic
nasopharyngeal masses and the impact of
this clinical manifestation on the manage-
ment of PTC.

Case Report

In July 2018, a 65-year-old Burmese
woman presented with epistaxis and stuffed
nose in the right nasal cavity of 3 months’
duration at the otolaryngology department
of a hospital in Thailand. Her underlying
diseases were hypertension and ischemic
heart disease. She had a history of PTC in her
left thyroid lobe, which was diagnosed in
1997, and treated with a left thyroidectomy
in  Myanmar. She received no further
treatment and was followed up in a hospital
in Myanmar.

Physical examination and nasal endoscope
showed a large exophytic mass obstructing
the right side of her nasopharynx. The
cervical LNs were not enlarged. The rest of
physical examination was unremarkable.
Post-contrast-enhanced CT scan of the neck
revealed a 3.0x4.3x4.8-cm mass at the right
side of nasopharynx with irregular naso-
pharyngeal mucosa extending into the right

PPS, and involving her prevertebral space,
right paravertebral space, right pterygoid
muscle and right parotid space (Figure 1). Her
right internal carotid artery was partially
encased by the mass. An enlarged right
lateral retropharyngeal node with central
necrosis and extracapsular extension was
adjacent to and blended with the mass,
which made ascertaining whether the mass
was a distant metastasis, or a direct
extension of the enlarged LN difficult.

A few enlarged level-Il LNs were seen on
both sides of the neck, with the largest one
(1.2 cm in longest axial dimension) on right.
The left level-VI LN, as the first sentinel node
for thyroid carcinoma metastasis before
spreading to lateral level-1I-V compartments,
was about 1 cm in size. A thyroid gland
ultrasound showed an irregular hypoechoic
nodule at inferior-most area of the left
thyroid bed, measuring about 0.8x0.9x0.7-
cm; it was suspected to be a recurrent tumor
(Figure 2). A bone scan revealed only
increased tracer uptake at the lower right
lateral skull, possible mastoiditis. Contrast-
enhanced chest CT showed suspicious lung
lesions and pleural metastasis (Figure 3).

Figure: 1 Coronal (a) and axial view (b) of contrast-enhanced neck CT scan showed a large
right lateral retropharyngeal lymph node with central necrosis (arrow) blended
with right nasopharyngeal mass (arrowhead)
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Figure: 2 Ultrasound shows an irregular hypoechoic nodule (lymph node) at the inferior
most area of the left thyroid bed, about 0.8x0.9x0.7 cm, which was suspected to

be a recurrent tumor

Figure: 3 Multiple lung and pleural metastasis seen on contrast-enhanced CT chest scan

A biopsy of the nasopharyngeal mass
indicated papillary adenocarcinoma. The
specimen’s mitotic count was 6/10 high
power field (HPF). IHC testing showed strong
CK7, TTF1, and thyroglobulin stains (Figure 4)
but the specimen was negative for CK20,
CDX2, villin and mucin. The left level-VI LN

was also biopsied because of high suspicion
of recurrent thyroid carcinoma; it revealed
papillary adenocarcinoma as well.

Serum thyroglobulin and anti-thyroglobulin
levels were both elevated at 180 ng/mL
(normal: <70 ng/mL) and 297 ng/mL (normal:
< 115 ng/mL), respectively.
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Figure: 4 (a) Papillary configuration of tumor cells (H&E stain). (b) Strong
immunohistochemical stain for thyroglobulin.

The patient underwent a complete
thyroidectomy and LN dissection in April
2019. Pathological examination of the left
level-VI LN specimen showed papillary
adenocarcinoma. A postoperative total body
iodine-131 (*3!) scan showed radiotracer
uptake at the middle and right of the thyroid
bed, which was the thyroid remnant. Faint
radiotracer uptake was also seen at the large
nasopharyngeal mass, but not at the multiple
nodules scattered in both lungs (up to 1.3
cm; Figure 5).

Nuclear radiologist was consulted about
the finding of total body iodine-131.

Hypothesis to explain about faint radiotracer
uptake at large nasopharyngeal mass and no
uptake at multiple pulmonary nodule may be
the remnant of normal thyroid tissue that
totally uptake 1-131 or dedifferentiation of
metastatic papillary thyroid cancer.

Whether the total body I had shown
thyroid remnant or residual de-differentiated
PTC was unclear. Systemic treatment, such as
tyrosine kinase inhibitor (TKI) therapy, was
planned as the next step of treatment.
Unfortunately, the patient was lost to follow-

up.

Figure: 5 (a) Postoperative total body 3!l scan shows faint radiotracer uptake at the large
nasopharyngeal mass. (b) Stronger uptake at the middle and right thyroid bed,
which was the thyroid remnant.
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Discussion

Although lymphatic spreading occurs in
PTC, metastases to head and neck structures
and outer cervical LNs, such as the PPS%1%,
paranasal sinus'?, nasal cavity’, hypopharynx,
and larynx*>!% are rare. Parapharygeal LN
metastasis is apparently reported more
frequently than others. According to the
Sueyoshi Moritani study, 22 out of 433
surgical patients with PTC treated from 2006
to 2013 at Kusatsu General Hospital had LN
metastasis in the PPS!!. All patients had
involved jugular nodes before or at the time
of PPS metastasis was detected. Parapharyn-
geal metastasis may extend to nearby
submucosal structures which appearing to
have intact mucosa, such as in one report on
parapharngeal and hypopharygeal meta-
stasis'®>; whereas metastases directly to the
paranasal sinus, nasal cavity, hypopharynx,
larynx or nasopharynx with broken mucosal
lining are very rarely reported. The
mechanism of metastasis was described by
Rouviere, who showed that one-fifth of
patients had lymphatic pathways that
directly related the posterior part of the
thyroid lobe which drained into the
parapharyngeal and retropharyngeal spaces.
An anatomical dehiscence behind the fascia
of the superior constrictor muscle allows the
parapharyngeal and retropharyngeal spaces
to communicate freely with each other, so
the retropharyngeal nodes might involve the
jugular node before or at the time of PPS
metastasis!!. As another proposed mecha-
nism, Nakamura et al. suggested that that
nitric oxide (NO) might affect metastasis of
PTC via VEGF-D induction, which has been
associated with tumor lymphangiogenesis®®.
The exact mechanism of rare-site PTC
metastasis of PTC is unknown, despite many
hypotheses. In this patient, the right naso-
pharyngeal mass blended with the large
necrotic right lateral retropharyngeal LN, and
discerning whether its origin was a distant
metastasis or a local invasion from the

pathologic right lateral retropharyngeal LN
was difficult.

This patient presented with epistaxis and
stuffed nose in her right nasal cavity. Nasal
endoscopy showed a large exophytic mass
obstructing the right nasopharynx. At first,
we assumed that the mass was a primary
nasopharyngeal carcinoma, which is the most
common diagnosis among Southeastern
Asian patients who present with naso-
pharyngeal masses. The pathology report
showed papillary adenocarcinoma. The
differential diagnosis was thyroid like low-
grade primary nasopharyngeal papillary ade-
nocarcinoma (TL-LGNPPA), which constitutes
<5% of all nasopharyngeal carcinoma cases?’,
or metastatic PTC, which is extremely rare.
Morphologically distinguishing these tumors
is difficult because they both have papillary
architecture, ground-glass nuclei, and nuclear
grooves with invasive growth pattern.
However, IHC analysis yields different results.
Reportedly, TL-LGNPPA are TTF-1-positive
and thyroglobulin-negative'”*®,  whereas
metastatic PTC is positive for both TTF-1, and
thyroglobulin. Because of the positive
thyroglobulin expression, and elevated serum
thyroglobulin and anti-thyroglobulin levels,
we diagnosed metastatic PTC.

Effective treatment of metastatic PTC is
surgical total thyroidectomy followed by 31|
ablation. The patient underwent a complete
thyroidectomy. Post-operative radioactive
131] ablation was performed, but we saw no
uptake at metastatic sites in this patient.
Systemic therapy, such as TKI, was planned in
case of ineffective conventional treatment.

In conclusion, although a few patients
with PTC suffer hematogenous metastasis to
lungs, bone, liver, or brain, metastases to the
head and neck structures are very rare.
Lymphatic spreading is a proposed mecha-
nism.
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Conclusion

Hematogenous metastasis to lungs, bone,
liver, and brain of papillary thyroid carcinoma
is found in minority of patients. Head and
neck structures metastasis represents a very
rare condition. The proposed mechanism
could be due to lymphatic spreading. In our
case, nasopharyngeal metastasis represents a
very rare condition.
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Abstract

Background: A particular chemotherapy, such as Adriamycin or Trastuzumab, has been reported
to cause worsening cardiac functions. Previous studies showed that Tai chi may enhance some
favorable cardiovascular effects with a better quality of life. Nonetheless, there is inadequate
evidence to prove Tai chi as a standard of care for cardiac health, and ejection fraction, especially
in cancer patients. Objective: To investigate the effects of Tai chi for cardiac health and ejection
fraction in cancer patients. Methods: A single-blinded, non-randomized controlled trial was
conducted in 30 cancer patients who were sent for echocardiogram before receiving either
Adriamycin or Trastuzumab and allocated into either Tai chi or control group. Primary outcomes
were LV systolic function and global longitudinal strain (GLS) measured by one blinded
cardiologist. Whilst, secondary outcomes included the quality of life measurement by FACT-G
score and distress thermometer scale. Results: Data of 18 cancer patients were analyzed (9
patients in each group). For primary outcomes, LV systolic function was increased by 1.44+1.74 %
in Tai chi group and decreased by 1.11+4.91 % in control group (p-value = 0.161). When adjusted
for confounding factor, the Tai chi group had 4.37% improvement in LV systolic function when
compared with the control group (p=0.087). Whereas, GLS was improved by 0.56+1.51 in the Tai
chi group and worsened by 0.67+3.46 in the control group (p-value = 0.301). Tai chi also yielded a
better quality of life demonstrated by higher post treatment FACT G score (5.25+16.21 in the Tai
chi group and 2.56+5.85 in the control group, p-value = 0.647). Nonetheless, distress thermometer
scale was lower in the Tai chi group, with the difference of 0.56+2.79 in the tai chi group and -
0.11£1.54 in the control group (p-value = 0.538). Conclusion: Tai chi demonstrates favorable
outcomes in the improvement of cardiac function (LV systolic function and GLS), with trend of
higher quality of life among cancer patients receiving cardiotoxic chemotherapy agents.

Keywords: Tai chi, GLS, LV systolic function, Chemotherapy, Cancer patients

Introduction Whilst, the beneficial mainstay of cancer

Cancer has been a leading cause of death treatment is chemotherapy despite inevit-
worldwide for decades. In 2012, there were able side effects physically and spiritually.
14.1 million patients diagnosed with cancer One of the most concerning chemotherapy’s
globally, with a trend to be 23.5 million complications is myocardial dysfunction and
individuals in 2030, similar to Thailand. heart failurel. One of the current criteria for
J Chulabhorn Royal Acad. 2019; 1(1): 37-44 37
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diagnosis of cancer therapeutics—related
cardiac dysfunction (CTRCD) according to ESC
guideline is a decrease >10 % of LVEF to
below normal limit or reduction of global
longitudinal strain (GLS) >15% from baseline.
GLS is an esta-blished echocardiographic
modality used in tracking of myocardial
deformation®. Peak GLS appears to be the
most consistent parameter for assessing
early reduction in subclinical myocardial
dysfunction?, especial-ly in CTRCD.

Particular chemotherapy agents, such as
anthracyclines and HER2 receptor antagonist,
are highly associated with cardiotoxicity from
earlier reports3. A study showed that heart
failure usually occurs within 5-72 weeks after
HER2 receptor antagonist. Also, asympto-
matic LV dysfunction can occur within 6-132
weeks and might return to baseline within
191 days or around 6-7 months after drug
discontinuation. In anthracycline group, the
risk of symptoms and LV dysfunction
depends on accumulated doses. For example,
doxorubicin 400 mg/M2 has 3-5% chance of
LV dysfunction, while a dose of 550 mg/M?2
has 7-26% chance of LV dysfunction3. At
present, there are still no effective
interventions confirmed to prevent CTRCD.
Nonetheless, previous studies proposed that
aerobic exercise can prevent the deteriora-
tion of heart function. In 2011, Haddadzadeh
MH performed a RCT in patients with
coronary artery disease to compare between
exercise and control groups. After 12 weeks,
the exercise group significantly had an
increase in LV systolic function compared to
the control group (46.9 %+ 5.9 to 61.5 % +
5.3 in the exercise group and 47.9% + 7.0 to
47.6 % * 6.9 in the control group, P=0.001)%.
Aerobic exercise is recommended as a
method for cardio protection and heath-
promotion in cancer patients following the
guideline!. However, practicing aerobic
exercise requires a combination of physical
and mental fitness. During chemotherapy

session, most patients suffer from the
deterioration of physical and mental health,
resulting in reluctant to exercise. Thus, an
exercising alternatively with lower intensity
may be more suitable and persuasive for
patients. Since 18th century AD, Tai chi has
been proved for its benefits and safety
among millions of Chinese people practicing
this meditative exercise, with flowing and
low intensity movements to help maintain
their well-being. Additionally, Tai chi has
recently been introduced to other parts of
the world and virally gained popularity. Not
only in healthy people, the benefits in various
diseases have but also been reported in
previous study for those with cancer,
osteoarthritis, heart failure and chronic
obstructive pulmonary diseases®™. In cancer
patients, a number of studies have suggested
that Tai Chi can improve aerobic capacity,
muscle strength, QOL, etc310,

In 2014, a review by Hartley L from 13
studies on Tai chi in preventing cardio-
vascular disease showed inconclusive results
on isometric exercise’s effective-ness!?. In
2017 Shirley S M Fong®? conducted RCT in 54
breast cancer survivors, with an improve-
ment in blood oxygenation and quality of life
observed after 3 months of Tai chi.
Meanwhile, the efficacy of Tai chi on
cardiovascular prevention was noted in
previous studies, most of which were done in
those with other diseases or post
chemotherapy. To date, there have been few
studies on Tai chi among cancer patients in
Thailand. Hence, this pilot study was
designed and conducted to investigate Tai
chi’s effectiveness and its application in Thai
cancer patients during CMT

Objectives

Primary outcome: To study the effects of Tai
chi for the improvement of LV systolic
function and global longitudinal strain (GLS).
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Secondary outcomes: To measure the
spiritual and physical effectiveness of Tai chi,
such as quality of life by FACT-G score and
distress thermometer scale described in
supplement data, as well as BW, BMI, and
vital sign.

Materials and methods
Subjects

Patients at Chulabhorm Hospital who
were sent from oncologists before receiving
either Adriamycin or Trastuzumab between
October 2018 and January 2020 were
recruited. The participants would be enrolled
according to the inclusion criteria and the
signed written informed consent. The
Inclusion criteria were 1) Diagnosed with
breast cancer or lymphoma, 2) Planning to
receive or now receiving either Adriamycin or

Trastuzumab during follow-up period, 3)
Aged 18-80 years, 4) No physical limitation
prohibiting the exercise, as well as able to
balance and poise without equipment, 5)
Agreeing to communicate routinely by phone
and message, 6) Willing to engage in the
exercise as planned, and 7) Having no clinical
diagnoses of mental disorders.

Exclusion criteria included 1) Distance
metastasis in crucial organ such as brain, 2)
Diagnosed with DVT or PE or on current
anticoagulant 3) Baseline LV dysfunction
(defined as LVEF <53 %) or severe structural
heart disease such as valve pathology, 4) Low
quality echocardiogram image such as poor
window, frequent arrhythmia, 5) Difficulty in
communication or self-practice such as no
cell phone, no internet, no VDO player, and
6) High risk of bleeding or coagulopathy.

Patient who met criteria |—» Nurse counselling station

—» Group classification

VAN

Tai chi group Gontrol group

1

Tai chi session (privately)

Tai chi at least 150 minutes per week

Continue usual

lifestyle

every few days

Contacted by nurse coordinator

v v

Repeat echocardiogram at 3 months

Figure 1: Protocol flow diagram
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34 patients were screened
after echocardiogram.

4 were not enrolled.
2 DVT/PE
2 inconvenience

30 patients were enrolled.

/

Tai chi training group (N=12)

Lost to follow up (N=3)
- 2 stop exercise
- 1 lost connection

9 patients were analyzed.

Vg

Control group (N=18)

Lost to follow up (N=9)
- 3 plan changed by oncologist
- 3 lost to connection
- 2 admit due to disease progression
-1 dead

9 patients were analyzed.

Figure 2: Flow diagram

Protocol

The protocol was reviewed and approved
by Human Research Ethics Committee of
Chulabhorn Research Institute (Project code:
035/2561). The protocol team of study
comprised of 12 Counselling nurses who
passed Tai chi workshop training with
postures proved by Tai chi master, and 3)
Nurse coordinators who communicated with
patients by telephone and message to ensure
that Tai chi should be done as planned.

After the echocardiogram, all parameters
were measured. The patients were sent to
see the counselling nurses for data collection,
with a short course about Tai chi and how to
practice. With the filled out FACT-G and
distress thermometer form, the patients then
independently decided whether they would
participate and which group they wanted to
join in. Next, a team of nurses arranged one
practice session demonstrating and correc-
ting the postures for patients in Tai chi group
individually. The Tai chi group was sent home
with CD and youtube link of the practice
media. They were contacted every few days
to assure the Tai chi practice approximately

150 minutes per week. All the participants
should record their exercise by phone and
send to the nurse coordinators for
verification. The control group was also
contacted every week asking about their
well-beings. Every patient continued treat-
ment according to the oncologist’s plan
without any interruption. After 3 months, all
patients were called back for echocardio-
gram.

Intervention
There were 18 forms of Tai
postures as in the supplement.

Chi

Statistical analysis

Demographic data or category data were
presented in frequency and percentage.
Whilst, continuous data were described in
mean * SD. Normality of distribution was
tested by Shapiro-Wilk normality test. Pre
and post treatment was compared by paired
t-test. Group comparison was done by
independent t-test for continuous data and
fisher’'s exact test for category data.
Regression analysis was used to control
confounding factors.
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Results

A total of 30 patients were enrolled and
18 of them were analyzed at second visit (9
patients in each group). Baseline characteris-
tics were shown in Table 1. Most subjects
were female with breast cancer, while only
few were lymphoma receiving Adriamycin.
Participants who chose Tai chi tended to be
with more cardiovascular risk (DM, HT, DLP),
higher BMI, and totally unemployed. Bassline
LV function and GLS was similar in both

Table 1: Baseline characteristics

groups. Tai chi group was noted with lower
quality of life according to higher distress
thermometer and lower FACT-G. After
intervention, the Tai Chi group was likely to
have 1.44% higher LV function by compared
to 1.11% lower in the control group, with no
statistical significance as shown in figure 2.
Furthermore, after the adjusted baseline
confounding factor, there was a percentage
change in the Tai chi group with improve-
ment of 4.37% in LVEF (p-value = 0.087).

Baseline Total patients ~ Tai chigroup  Control group p-value**

(N=30) (N=9) (N=9)
Age (years) 54.23 £11.90 56.67 £7.86 52.00 £10.70 0.307
Female 24 (80.0) 7 (77.8) 8(88.9) 1.000
Employed 11 (36.7) 0(0.0) 5(55.56) 0.029
Breast cancer 22 (73.3) 7(77.8) 8(88.9) 1.000
Cancer stage 0.603

1 8(26.7) 2(22.2) 3(33.3)

2 7(23.3) 2(22.2) 1(11.1)

3 10(33.3) 3(33.3) 5(55.6)

4 5(16.7) 2(22.2) 0(0.0)
Hypertension 1(26.7) 4 (44.4) 1(11.1) 0.294
Diabetes 4(13.3) 2(22.2) 0(0.0) 0.471
Dyslipidemia 6(20.0) 2(22.2) 0(0.0) 0.471
Trastuzumab 11 (36.7) 5(55.6) 6(66.7) 1.000
Herb 7(23.3) 1(11.1) 4(44.4) 0.294
Smoke 0(0.0) 0(0.0) 0(0.0) 1.000
Alcohol 7(23.3) 0(0.0) 0(0.0) 1.000
Body weight (Kg) 66.31+16.32  69.31+21.19 60.13 £9.19 0.251
BMI (kg/m?) 26.19 +6.00 27.88 +8.08 24.24 +2.90 0.221
SBP (mmHg) 120.10 £15.63 119.44+13.60 119.00 +15.07 0.948
DBP (mmHg) 70.13 £12.85 69.22 +15.23 71.00 £8.83 0.766
Pulse (/min) 82.53 £12.99 77.00 £9.97 77.44 £7.16 0.915
Baseline LVEF (%) 64.30+3.94 64.67 £4.15 63.33 £3.93 0.495
Baseline GLS -17.17 +8.06 -20.11 +2.76 -20.33+2.83 0.868

Follow up time (days) 159.50+55.23 117.674#37.55 183.33+51.44

FACT-G score 81.79+14.59 76.63£19.06 82.56112.72 0.457
Distress thermometer 2.31+2.28 3.44+2.35 1.33+1.41 0.035

scale

*GLS = Global longitudinal strain, SBP = systolic blood pressure, DBP = diastolic blood pressure

** p-value comparing Tai chi group and control group
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A p-value 0.161
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Figure 3: Primary outcomes. (A) Change in LV systolic function baseline to 12 weeks,
(B) Change in GLS from baseline to 12 weeks

Table 2: Secondary outcome

Outcome Tai chi group(N=9) Control group (N=9) p-value
Difference in FACT-G 5.25+16.21 2.56+5.85 0.647
score

Difference in distress 0.56+2.79 -0.11+1.54 0.538
thermometer scale

Difference in BMI* -0.51+1.46 0.11+1.45 0.382

*Difference defined as second time value minus first time value

For secondary outcome, the Tai chi group
tended to have better quality of life after
intervention following the higher difference
in FACT-G score of 5.25+16.21 compared to
2.56+5.85 in the control group (p-value =
0.647). When look into each part of the
guestionnaire, the difference was driven by
the emotional well-being and function well-
being part. On the contrary, difference in
distress thermometer scale was better in the
control group (increase by 0.56+2.79 in the
Tai chi group and decrease by -0.11+1.54, p-
value = 0.538) as shown in Table 2. Tai chi
also vyielded the benefit in losing weight,
illustrated by a decrease in BMI of 0.51+1.46
in the Tai chi group, but an increase in BMI of
0.11+1.45 in the control group (p-value =
0.382).

Discussion

Despite no statistical significance, our pilot
study showed that Tai chi could be effective
in cancer patients who received high risk
cardiotoxic chemotherapy towards the
enhancement of their cardiac heath by
increasing LV systolic function and improving
GLS. Our finding supported prior studies in
which Tai chi exhibits the improvement in
cardiac capacity among cancer patients!Z15,
All participants in the Tai chi group satisfied
with the outcome of Tai chi exercise to make
them feel stronger. They would want to
continue practicing Tai chi even after
completing chemotherapy. The intervention
required high cooperation and willingness,
thus this controlled the participants’
allocation and force to do Tai chi, resulting in
low compliance. Nonetheless, it was still
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necessary in a large amount of patients,
which should be feasible in further non pilot
study. Main reasons that some participants
participated were that they were overweight
and wanted to lose weight, which was
obviously noted in baseline characteristics of
higher BMI in the Tai chi group. Whilst, those
in the control group refused Tai chi exercise
due to: 1) Time, which was explainable by the
higher employment rate in the control group
at baseline, 2) Being afraid of trying new
things due to negative attitudes. A few
patients, though having cancer, they didn’t
want to do anything, which was compatible
to baseline of higher FACT-G and distress
thermometer scale.

The variability between FACT-G score and
distress thermometer score, despite non-
significant, could be caused by the difference
in specifications. Both questionnaires, as in
the detailed supplement, were created and
widely used for the evaluation of cancer
patients, especially when involving each
patient’s mental problems. FACT-G score has
become a more descriptive questionnaire
with Cronbach’s coefficient alpha of 0.89®
and 0.83 in Thai version'’. Distress
thermometer scale implemented by NCCN
also has been a screening tool with a scale of
0-10. Thus, we believed that Tai chi could
improve the quality of life.

Tai chi is a safe exercise training since no
adverse events reported previously by
Wayne PM in 2014, The study reviewed 153
Tai chi studies, with 50 studies reported on
Tai chi’s non-vital, no additional treatment
side effects. In the meantime, there was no
side effect reported in our study.

In conclusion, the result of our pilot study
suggested that Tai chi could have a positive
influence on cardiac health and functions, as
well as the quality of life among cancer
patients receiving adriamycin or trastuzu-
mab. Giving this favorable finding in our
small pilot study, further research should be

warranted to confirm its significance and
future implementation of this practice in
routine protocols. Moreover, additional
larger sample size RCT to monitor the
practice within the hospital should be applied
for practice guideline development.

Whereas, our study has several
limitations. As a pilot study, a small group of
patients should be expected. A multicenter
study or longer period of enrollment is also
needed for further future study if a larger
number of patients is required. Additionally,
the non-randomization method of our study
has to be adjusted for the confounding
factors during analysis. Importantly, the
inability to blind patients could not be done
because our assignment needed participants’
acknowledgment; however, we did blind the
interpreter. Since most of the participants
were inconvenience to come for practicing at
the hospital, the evaluation for compliance
was implemented by narrative from the
participants. For more accuracy, the in-
hospital exercise monitoring is recommended
for future study.
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