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INTRODUCTION
he gastrointestinal tract is a reservoir for up to 
10,000 to 100 trillion microorganisms, collectively 

known as the gut microbiota.1 Among these colonizers, 
the dominant genera include Bacteroides, Clostridioides, 
Fusobacterium, Eubacterium, Ruminococcus, Peptococcus, 
Peptostreptococcus, and Bifidobacterium.1 Although 
these microbes are mostly confined to the intestinal 
tract, they also play critical roles that extend beyond the 
gut (i.e., body weight, mental health, metabolism, and 
immune regulation).2

When the gut’s microbiome gets disrupted, the term 
‘dysbiosis’ can be adopted.3 Factors causing such pro-
found imbalance can be attributed to toxic insults from 
frequent antibiotic use, unwanted dietary changes, 
poor dental hygiene, and even physical and psycho-
logical stress.4 In the event of deteriorating microbial 
diversity in persons with diarrhea, there is an excess 
amount of free amino acids, especially proline, and a 
lack of inhibitory bile acids.3 Together, they create the 
ideal environment for dysbiosis-related pathologies as 
seen in an initial Clostridioides difficile infection (CDI) – 
the world’s leading hospital-acquired illness.5 Patients 
with CDI can be diagnosed with a positive PCR result 
for CDI toxin and a clinical presentation of more 
than  three episodes of diarrhea, abdominal pain 
(that  only resolves with defecation), mild fever, and 
leukocytosis.6

Current guidelines to treat CDI include mono- 
and  combination therapies with vancomycin and 
 fidaxomicin.1 Of the existing dosage regimens, pulsed 
dosing of these first-line agents has starkly reduced 

1 Non-inferior to vancomycin; however, it is not studied in severe/
fulminant cases of CDI.17

recurrence rates compared with standard protocols. 
Unfortunately, even after the recommended treat-
ment, recurrence is still seen in up to 10–20% of 
patients after the initial visit – with up to 40–65% of 
previously treated patients experiencing further 
recurrences after the second visit.5 In 30% of the cases 
with severe, refractory CDI, colectomy becomes the 
last resort for treatment despite many of its feared 
complications: toxic megacolon, septicemia, and mul-
tiorgan failure.7

In the last few decades, there has been a surge in 
interest to revamp and revolutionize an ancient proce-
dure known as fecal microbiota transplant (FMT) to cor-
rect the dysbiosis responsible for refractory Clostridioides 
difficile Infection (rCDI).8 Unfortunately, because FMT 
meets the legal definition of a drug and biological prod-
uct, it remains unqualified for regular use until it gets 
accepted through the investigational new drug (IND) 
approval.9 However, this clause’s exception emerges 
under ‘enforcement discretion’, which allows FMT for 
patients who are refractory to standard therapy with 
proper consent in order.9

FMT is a procedure that essentially involves a sophisti-
cated administration of fecal matter obtained from a 
healthy, screened donor to a qualified recipient suffer-
ing from rCDI. The procedure’s outcome most often 
results in the recipient altering his or her gut microbiota 
so that it closely resembles that of the stool donors’ pro-
file, which paves the way for its imminent success.10 The 
American guidelines suggest a primary endpoint as the 
resolution of symptoms and the absence of CDI within 8 
weeks of FMT as a secondary endpoint.10 Currently, the 
cure for rCDI has been seen within hours to 4–5 days in 
struggling patients post-FMT.9 This article aims to evalu-
ate and analyze current and reliable sources of evidence 

http://www.msrj.org
mailto:yerrams1@msu.edu
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that support FMT as an optimal method to conventional 
therapy for resolving rCDI.

METHODS
Search Strategy
This literature review was executed according to the 
Preferred Reporting Items for Systematic reviews and 
Meta-Analysis (PRISMA). PubMed, Medscape, and 
Cochrane Review searches consisted of titles of rele-
vance, sorted by publication dates from 2010 to 2020. 
The PubMed search used the following filters: free full 
text, clinical trial, meta-analysis, randomized control 
trial, and systematic review. Search criteria were stud-
ies that were representative of the sustainability of 
FMT in treating rCDI in adults. Articles were retrieved 
from online databases using a combination of the key 
phrases: fecal microbiota transplant, donor feces infu-
sion, fecal transplant, FMT, Clostridium difficile infec-
tion, Clostridioides difficile infection, C. difficile colitis, 
and CDI.

Inclusion and Exclusion Criteria
For all selected literature, the study population of inter-
est was moderate to high-risk adults (age ≥ 18 years) of 
any demographic who had at least one incidence of 
recurrent C. difficile infection. Studies were also 
included if the following inclusion criteria were met: (1) 
participants with recurrent CDI supported by a clinical 
diagnosis and/or laboratory parameters and (2) sub-
jects with recurrent CDI having received FMT through 
any method of administration. Studies were excluded 
if there were: (1) scoring <6 on controlled intervention 
studies and cohort studies; (2) scoring <4 on system-
atic reviews and meta-analyses; (3) lacking standard 
treatment of care for primary CDI before FMT; (4) eval-
uating FMT in the immunocompromised or patients 
with or without severe comorbid conditions; (5) includ-
ing pediatric patients; (6) testing small (<15 subjects) 
and nondiverse sample sizes; (7) duplicated studies; (8) 
not in English.

Outcomes of Interest
The primary outcome of interest is clinical and bacterio-
logic resolution of CDI with FMT versus conservative 
treatment at least 4 weeks after the final FMT treatment – 
as most treatment failures with FMT occurred before this 
time point. Secondary outcomes of interest included 
the following: (1) treatment success and failure after 

single versus multiple infusions of FMT in the posttreat-
ment phase; (2) long-term implications post-FMT; and 
(3) efficacy of mono- and/or adjunctive therapy with 
common antibiotics (vancomycin vs. fidaxomicin) for 
CDI and rCDI.

Data Extraction
All full texts were independently reviewed by the pri-
mary investigator to ascertain that each source con-
tained information on the topic of choice. Following a 
meticulous search, a total of 106 articles met the 
 selection criteria – out of which only 8 were inde-
pendently selected based on providing the most 
valuable insight into the efficacy of FMT over antimi-
crobial treatments in the management of rCDI (see 
Fig. 1 and Table 1).

Quality Assessment and Risk of Bias of Individual 
Studies Assessment
The primary investigator independently evaluated all 
the included studies with ≥ 4 patients using the 
National Institute of Health (NIH) Study Quality 
Assessment Tools.11 The score range for controlled 
intervention studies and cohort studies is between 0 
and 14, where a score <6 was identified as poor in qual-
ity. The score range for systematic reviews and 
meta-analyses is between 0 and 8, where a score <4 
was considered as poor in quality. Studies that were 
deemed poor in quality were excluded from this litera-
ture review. Additionally, with the help of the Risk of 
Bias in Nonrandomized Studies of Interventions tool 
(ROBINS-I) and the Risk of Bias tool for randomized 
control trial, the primary investigator also thoroughly 
assessed the risk of bias of each study.12,11 The scores 
were classified to be either low, moderate, serious, or 
critical. Studies that were categorized as serious or crit-
ical were immediately excluded.

RESULTS
The search strategy identified 106 unique studies, of 
which 8 met the inclusion criteria. Of these, 2 were sys-
tematic reviews and meta-analyses, 4 were randomized 
controlled trials, and 2 were retrospective cohort studies 
(see Fig. 1 and Table 1). Table 1 highlights the notable 
components of each literature source, including the fol-
lowing: (1) name of the first author; (2) research design; 
(3) year of publication; (4) independent and dependent 
variables; (5) data collection method; (6) pertinent 

http://www.msrj.org
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findings; (7) strengths; (8) weaknesses; (9) NIH scores; 
(10) ROBINS-I scores; (11) level of study based on the 
Evidence-Based Medicine Pyramid.

M.N. Quraishi and colleagues did a systematic review 
and meta-analysis on the efficacy of FMT of different 

delivery methods and preparation in the treatment of 
rCDI.13 Of the 37 studies, 34 reported positive responses 
to FMT with a cure rate of 84%; 25 case series and 7 RCTs 
demonstrated that the lower gastrointestinal route was 
superior to the upper gastrointestinal route (95 vs. 88%) 

Figure 1. Flowchart outlining the selection strategy during the literature search.

560 from PubMed
83 from Medscape
125 from Cochrane
n = 768

Articles after
titles reviewed
n = 117

Articles reviewed:
14 from PubMed
9 from Medscape
2 from Cochrane
n = 117

Articles after
duplicates removed
n = 106

Articles screened
n = 106

Duplicates
removed
n = 11

Full text articles assessed
n = 20

Studies included
after literature search
n = 8

Studies not relevant to recurrent C. diff treated by FMT (n = 16) 
Recurrent diarrhea not due to C. diff etiology (n = 17)  
NIH scores <4 for systematic reviews and meta-analyses (n = 6) 
NIH scores <6 for RCTs and cohort studies (n = 9) 
Serious and critical risk of bias (n = 5) 
Immunocompromised patients (n = 11) 
Patients with severe comorbidities (n = 9) 
Pediatrics (n = 2) 
No full texts available (n = 5) 
Unpublished data in trial phases (n = 3) 
Not available in English (n = 3)

Full text articles excluded:
Overlapping study population (n = 5)
Did not classify disease severity as recurrent (n = 5)
Lacked standard care of treatment for primary CDI prior to FMT  (n = 2)

http://www.msrj.org


Current Evidence of Fecal Microbiota TransplantDivya Lakshmi Yerramsetty and Dipendra R. Pandeya

MSRJ  2022 VOL: 08. Issue: Spring 
epub February 2022; www.msrj.org

Medical Student Research Journal 004

Ta
bl

e 
1.

 E
vi

de
nc

e 
ta

bl
e.

1s
t A

ut
ho

r
M

.N
. Q

ua
ra

is
hi

W
en

jia
 H

ui
G

. I
an

iro
Co

lle
en

 R
. K

el
ly

Ch
ris

tia
n 

Lo
db

er
g 

H
va

s
Lo

ui
e 

TJ
J. 

Ja
la

nk
a

Ja
e 

H
yu

n 
Sh

in

Re
se

ar
ch

 
de

si
gn

Sy
st

em
at

ic
 

re
vi

ew
 a

nd
 

m
et

a-
an

al
ys

is

Sy
st

em
at

ic
 

re
vi

ew
 a

nd
 

m
et

a-
an

al
ys

is

RC
T

RC
T

RC
T

RC
T

Re
tr

os
pe

ct
iv

e 
co

ho
rt

 s
tu

dy
Re

tr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
dy

Pu
b.

 Y
r. 

20
17

20
19

20
16

20
18

20
19

20
12

20
18

20
19

In
d.

 V
.

1(
a)

. D
on

or
 F

M
T

1(
b)

. A
ut

ol
og

ou
s 

FM
T

2(
a)

. F
M

T-
S 

gr
ou

p
2(

b)
. F

M
T-

M
 

gr
ou

p

1(
a)

. F
M

Tv
 (n

 =
 2

4)
2(

b)
. F

id
ax

om
ic

in
 

b.
i.d

. (
n 

= 
24

)
2(

c)
. V

an
co

m
yc

in
 

q.
i.d

. (
n 

= 
16

)

1(
a)

. V
an

co
m

yc
in

-t
re

at
ed

 
pa

tie
nt

s 
(n

 =
 4

4)
1(

b)
. F

id
ax

om
ic

in
-t

re
at

ed
 

pa
tie

nt
s 

(n
 =

 4
5)

1(
a)

. F
M

T 
gr

ou
p

1(
b)

. A
nt

ib
io

tic
 

gr
ou

p 
(A

B)

1(
a)

. L
ow

er
 

G
I-F

M
T 

de
liv

er
y

1(
b)

. U
pp

er
 G

I-
FM

T 
de

liv
er

y
2(

a)
. N

on
-F

M
T 

tx
 

D
ep

. V
.

Cl
in

ic
al

 c
ur

e 
w

ith
in

 8
 w

ee
ks

 
af

te
r F

M
T 

or
 a

t 
th

e 
tim

e 
of

 e
ar

ly
 

w
ith

dr
aw

al

Cl
in

ic
al

 c
ur

e 
w

ith
in

 8
 w

ee
ks

 
af

te
r F

M
T 

or
 a

t 
th

e 
tim

e 
of

 e
ar

ly
 

w
ith

dr
aw

al

Cl
in

ic
al

 c
ur

e 
in

 th
e 

in
te

nt
io

n-
to

-t
re

at
 

po
pu

la
tio

n 
8 

w
ee

ks
 

af
te

r F
M

T 
or

 a
t t

he
 

tim
e 

of
 e

ar
ly

 
w

ith
dr

aw
al

Sp
or

e 
co

un
ts

 a
nd

 C
. d

iff
ic

ile
 

cy
to

to
xi

n 
B 

tit
er

s 
at

 s
tu

dy
 

en
tr

y;
 o

n 
da

ys
 

4,
10

,1
4,

21
,2

8;
 o

n 
da

ys
 

38
–4

2

Cl
in

ic
al

 c
ur

e 
in

 
th

e 
in

te
nt

io
n-

to
-

tr
ea

t p
op

ul
at

io
n 

8 
w

ee
ks

 a
ft

er
 F

M
T 

or
 a

t t
he

 ti
m

e 
of

 
ea

rly
 w

ith
dr

aw
al

CD
I r

ec
ur

re
nc

e 
w

ith
in

 3
 

m
on

th
s 

of
 F

M
T 

or
 s

in
ce

 in
iti

al
 

vi
si

t

D
at

a 
co

lle
ct

io
n 

m
et

ho
d

37
 p

ap
er

s:
 7

 
RC

Ts
 a

nd
 3

0 
ca

se
 s

er
ie

s

Re
se

ar
ch

er
s 

ch
os

e 
8 

st
ud

ie
s 

us
in

g 
el

ec
tr

on
ic

 
da

ta
ba

se
 s

ea
rc

h 
an

d 
co

m
pi

le
d 

da
ta

 fr
om

 e
ac

h

46
/1

79
 p

at
ie

nt
s 

w
er

e 
ra

nd
om

ly
 

as
si

gn
ed

: 
(a

). 
D

on
or

 (n
 =

 2
2)

(b
). 

Au
to

lo
go

us
 

(n
 =

 2
4)

56
 e

nr
ol

le
d 

su
bj

ec
ts

 
(a

). 
FM

T-
S 

(n
 =

 2
8)

(b
). 

FM
T-

M
 

(n
 =

 2
8)

64
/1

20
 a

du
lts

 w
/r

CD
I 

w
er

e 
se

en
 a

t a
 g

as
tr

o 
cl

in
ic

 in
 D

en
m

ar
k 

be
tw

ee
n 

5/
5/

16
 a

nd
 

6/
10

/1
8 

an
d 

ra
nd

om
ly

 a
ss

ig
ne

d 

89
/6

29
 p

at
ie

nt
s 

w
er

e 
ra

nd
om

ly
 a

ss
ig

ne
d 

to
 a

 
10

-d
ay

 c
ou

rs
e 

of
: 

(a
). 

Va
nc

om
yc

in
 1

25
m

g 
q.

i.d
. O

R
(b

). 
Fi

da
xo

m
ic

in
 2

0 
m

g 
b.

i.d
.

(a
). 

FM
T 

(n
 =

 4
5)

; 
(b

). 
A

B 
(n

 =
 3

9)
FM

T 
= 

52
/1

13
; 

do
ne

 a
t t

he
 

CD
CC

 fr
om

 
6/

20
12

 to
 

3/
20

15

Fi
nd

in
gs

Si
ng

le
 F

M
T 

in
fu

si
on

 c
ur

e 
ra

te
 =

 8
4%

 
(b

et
te

r t
ha

n 
ab

x 
tx

)

Th
e 

8 
st

ud
ie

s 
yi

el
de

d 
27

3 
pa

tie
nt

s, 
of

 
w

hi
ch

 2
43

 h
ad

 
cl

in
ic

al
 

re
so

lu
tio

n

D
on

or
 F

M
T 

= 
91

%
 

cu
re

 ra
te

 (2
0/

22
);

Au
to

lo
go

us
 F

M
T 

= 
63

%
 c

ur
e 

ra
te

 
(1

5/
24

);
Cr

os
se

d 
ov

er
 to

 
do

no
r F

M
T 

= 
9

FM
T-

S:
 2

1/
28

 
cu

re
d;

 7
 

re
tr

ea
te

d 
an

d 
cu

re
d 

bu
t 

1/
7 

di
ed

.
FM

T-
M

: 2
8/

28
 

cu
re

d

Cl
in

ic
al

 re
so

lu
tio

n:
FM

T 
= 

92
%

 (n
 =

 2
4)

;
Fi

da
xo

m
ic

in
 =

 4
2%

 
(n

 =
 2

4)
; V

an
co

m
yc

in
 

= 
19

%
 (n

 =
 2

4)

Re
cu

rr
en

ce
 w

as
 o

bs
er

ve
d 

in
 

23
%

 (1
0/

44
) i

n 
va

nc
om

yc
in

-
tr

ea
te

d 
pa

tie
nt

s 
ve

rs
us

 1
1%

 
(5

/4
4)

 in
 fi

da
xo

m
ic

in
-

tr
ea

te
d 

pa
tie

nt
s

↑ 
Bo

w
el

 fx
n:

53
.3

 v
er

su
s 

25
.6

%
↑ 

M
en

ta
l h

ea
lth

31
.1

 v
er

su
s 

8.
9%

U
pp

er
 G

I p
ai

n
31

.3
 v

er
su

s 
51

.3
%

FM
T 

re
ad

in
es

s
97

.6
 v

er
su

s 
60

%

Re
cu

rr
en

ce
 

ra
te

:
FM

T 
= 

4.
5 

ve
rs

us
 N

on
-F

M
T 

= 
16

.7
%

St
re

ng
th

s
St

rin
ge

nt
 

se
ct

io
n 

cr
ite

ria
8 

hi
gh

-q
ua

lit
y 

RC
Ts

 u
pd

at
ed

 
to

 9
/2

0/
18

D
ou

bl
e-

bl
in

de
d,

 
m

ul
tic

en
te

r 
de

si
gn

U
se

 o
f e

xp
er

t 
en

do
sc

op
is

t
A

pp
ro

pr
ia

te
 

st
at

is
tic

al
 a

na
ly

si
s

D
ou

bl
e-

bl
in

de
d;

10
 s

am
pl

es
 fr

om
 h

ea
lth

y 
co

nt
ro

ls
 w

er
e 

an
al

yz
ed

 v
ia

 
qP

CR

~3
.8

 y
ea

rs
 

ob
se

rv
at

io
na

l 
pe

rio
d 

po
st

-F
M

T

U
se

 o
f C

D
I-

fo
cu

se
d 

cl
in

ic

W
ea

kn
es

se
s

La
ck

s 
ad

ve
rs

e 
ev

en
t d

at
a

N
ot

 
ge

ne
ra

liz
ab

le
N

ot
 g

en
er

al
iz

ab
le

N
o 

do
ub

le
-b

lin
di

ng
N

o 
do

ub
le

 b
lin

di
ng

N
o 

qu
al

ity
 a

ss
es

sm
en

t
Q

ue
st

io
nn

ai
re

s
Te

le
ph

on
e 

su
rv

ey
s

N
IH

 sc
or

e
6

6
9

8
10

9
8

7

RO
BI

N
S-

I 
Lo

w
Lo

w
Lo

w
M

od
er

at
e

M
od

er
at

e
M

od
er

at
e

M
od

er
at

e
Lo

w

Le
ve

l o
f s

tu
dy

1
1

1
1

1
1

1
3

3

1  L
ev

el
 1

 in
cl

ud
es

 R
C

T,
 s

ys
te

m
at

ic
 re

vi
ew

 o
f R

C
Ts

 ±
 m

et
a-

an
al

ys
is

 o
f R

C
Ts

; L
ev

el
 3

 in
cl

ud
es

 re
tr

os
pe

ct
iv

e 
co

ho
rt

 s
tu

di
es

.
G

I, 
ga

st
ro

in
te

st
in

al
; q

PC
R,

 q
ua

nt
ita

tiv
e 

po
ly

m
er

as
e 

ch
ai

n 
re

ac
tio

n.

http://www.msrj.org


Current Evidence of Fecal Microbiota TransplantDivya Lakshmi Yerramsetty and Dipendra R. Pandeya

MSRJ  2022 VOL: 08. Issue: Spring 
epub February 2022; www.msrj.org

Medical Student Research Journal 005

(p = 0.02). Fresh FMT revealed a cure rate of 85% and a 
lower cure rate of 68% with frozen FMT; however, nei-
ther was statistically significant (p = 0.10). However, FMT 
still appeared promising as an effective and safe treat-
ment choice for rCDI, as seen in controlled and uncon-
trolled studies.

A systematic review and a meta-analysis were exe-
cuted to confirm the efficacy of fresh FMT in the clinical 
resolution of rCDI. Two of the researchers, W.J. Hui and 
Ting Li, independently extracted articles with stringent 
eligibility criteria that resulted in eight RCT studies.14 The 
pooled relative risks were calculated with a 95% confi-
dence interval (CI), and the heterogeneity between stud-
ies was assessed using the I2 statistic; 537 patients met 
the inclusion criteria and were divided into the fresh FMT 
group (n = 273) and control group (n = 264). The control 
groups included antibiotic therapy or placebo, frozen 
FMT, and capsule groups. The eight studies determined 
that 243 out of the 273 patients experienced clinical res-
olution from rCDI through FMT (RR = 0.38, p = 0.02) with 
a high heterogeneity (I2 = 67%) between them. The 
recurrence rate of clinical diarrhea in the control group 
was significantly higher compared with the fresh FMT 
group (24.6% or 65/264 vs. 11.0% or 30/273; p ≤ 0.05). 
Like previous findings, multiple infusions showed greater 
improvement in the remission rate (RR = 0.24; p = 0.001). 
The combination of self-limiting adverse events and 
high-quality RCTs provides overpowering evidence to 
endorse FMT as a curative treatment for rCDI.

An open-labeled RCT at the Gemelli University 
Hospital was carried out by G. Ianiro et al to compare 
single infusion (FMT-S) with multiple infusions (FMT-M) 
of FMT in the treatment of rCDI.15 Using randomization 
software, a total of 56 subjects were enrolled and ran-
domly assigned to either FMT-S (n = 28) or FMT-M 
(n  =  28). Outcome data were assessed using the 
Student’s t-test and Fisher’s exact test, according to the 
intention-to-treat principle. All statistical tests were 
2-sided, and a p-value <0.01 was considered statisti-
cally significant and analyzed using an online calcula-
tor; 21 of the 28 subjects in the FMT-S group had shown 
clinical resolution. All 7 remaining in the FMT-S group 
received further infusions and resulted in 100% cure. 
Ultimately, the cure rate was greater with FMT-M than 
FMT-S (100 vs. 75%), favoring FMT as an effective alter-
native for resolving rCDI.

Colleen R. Kelly et al conducted a double-blinded RCT 
at the University of Minnesota in Minneapolis to com-
pare the clinical outcome of autologous FMT to donor 

FMT.16 Patients were enrolled between 11/15/2012 and 
03/10/2015 at two academic hospitals in New York (NY) 
and Rhode Island (RI). Stool specimens of both the 
donor and the patient were collected 1 h before the 
scheduled FMT procedure; 46 patients were randomly 
allocated to either the donor group (n = 22) or autolo-
gous FMT group (n = 24). Baseline demographic and 
clinical data were described, and groups were assessed 
using Stata (version 12), SAS (version 9.4), and a 2-sam-
ple t-test. Clinical resolution was seen in 90.9% (p = 0.042) 
in the donor FMT group and 62.5% in the autologous 
group. Although the donor FMT group was statistically 
superior to the autologous FMT group, the interaction 
between NY and RI was not statistically significant for 
treatment effects (p = 0.24). One of the two treatment 
failures from the donor FMT group was cured after the 
second donor stool infusion. Nine patients who had 
recurrence after autologous FMT switched over to treat-
ment with donor FMT and were cured.

An open-labeled RCT was conducted at a gastroen-
terology clinic in Denmark by Christian Lodberg Hvas 
et  al. to compare the combined clinical resolution of 
fresh FMT and non-FMT treatments (vancomycin and 
fidaxomicin).17 Between 04/05/2016 and 06/10/2018, 64 
of 120 adults with rCDI were randomly assigned to 1 of 
the 3 predetermined vancomycin courses or fidaxomi-
cin before rescue FMT (n = 24); 24 patients were assigned 
to 4–10 days of vancomycin (125 mg 4 times daily), 
24  patients were assigned to 10 days of fidaxomicin 
(200 mg twice daily), and 16 patients were assigned to 
10 days of vancomycin (125 mg 4 times daily). Outcome 
data were assessed using chi-squared analysis and 
Kruskal–Wallis analysis of variance, and a p-value of 0.05 
was decided to be clinically significant. At the eighth-
week follow-up, combined clinical resolution and nega-
tive PCR test for CD toxin were observed in 17 of the 24 
patients with rescue FMT (71%). After week eight, a clin-
ical resolution was found in up to 22 patients (92%). In 
the case of fidaxomicin, a combined resolution was 
found in only eight of the 24  patients (33%), with an 
increase in clinical resolution to 10 patients after the 
eighth week (42%). Finally, only 3 of the 16 patients 
(19%) had combined resolution with vancomycin at 
week eight with no clinical resolution increase after-
ward. In summary, FMT showed greater efficacy to fidax-
omicin (p = 0.009) and vancomycin (p = 0.001) than either 
of the antibiotics alone (p = 0.31).

Thomas J. Louis et al performed a double-blinded, 
multicenter RCT at the Foothills Medical Center (Calgary, 
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Canada) to compare the efficacy of a 10-day course of 
vancomycin 125 mg q.i.d. versus fidaxomicin PO 200 mg 
b.i.d. in the treatment of rCDI.18 Using the randomization 
software, a total of 89 out of 629 subjects were registered 
and randomly assigned to either vancomycin (n = 44) or 
fidaxomicin (n = 45). The primary outcome was to assess 
for the reduction of both C. difficile toxin reexpression 
and rCDI during and after treatment through the collec-
tion of fecal samples (>10 g/samples) on days 1, 4, 10, 21, 
28, 38–42. Quantification of target bacterial DNA in fecal 
samples was performed using real-time quantitative 
polymerase chain reaction (qPCR) and was log-trans-
formed. Vancomycin-treated patients experienced more 
recurrence than fidaxomicin-treated patients (10/44 or 
23% vs. 5/44 or 11%, p  =  0.03). Similarly, vancomy-
cin-treated patients had more toxin reexpression in fecal 
samples than fidaxomicin-treated patients (29/94 or 
28% vs. 13/91 or 11%, p = 0.03). Provided the results, it 
can be presumed that fidaxomicin encompasses micro-
flora-sparing properties that make it more potent against 
rCDI compared with its competitor, vancomycin.

A retrospective cohort study was instigated by Jae 
Hyun Shin and colleagues in all patients’ medical 
records that received FMT between June 2012 and 
March 2015 at the University of Virginia Complicated C. 
difficile Clinic (CCDC).19 Patient follow-up for recurrence 
data occurred through telephone contact at 1 week, 
1 month, 3 months, 6 months, and 1 year post-FMT. Of 
the 113 patients who were reviewed, 52 patients who 
had three or more CDC recurrences were eligible to be 
treated with FMT. Of the remaining, 25 patients were 
deferred, and 36 patients who had fewer than two 
recurrences received non-FMT treatment. Outcome 
data were assessed using the chi-squared analysis, the 
Fisher’s exact test, or the Student’s t-test. When treated 
with standard non-FMT treatment, there was a higher 
recurrence (16.7 vs. 8.8%, p = 0.05) and mortality 
(12.5 vs. 6%, p = 0.05) rates than FMT treatment. In con-
trast, FMT-treated patients had fewer recurrence 
(4.5 vs. 8.8%, p = 0.05) and mortality (7 vs. 6%, p = 0.05) 
rates – findings suggest that patients with greater 
than three recurrences benefit from FMT regardless of 
route of delivery. 

DISCUSSION
Donor versus Autologous FMT
Even though modern technologies are still not capable 
of determining the fecal composition responsible for 
both the positive and negative responses to FMT, 

progress still has been made in distinguishing the safety 
and efficacy of autologous versus heterologous FMT. 
According to the findings of Colleen R. Kelly et al., 90.1% 
(p = 0.042) of the patients experienced clinical resolution 
with donor FMT versus only 62.5% seen with autologous 
FMT.16

Normally, during remission periods with rCDI, the 
patient’s stool is ‘banked’ for FMT use before starting the 
patient on any antibiotic therapy.20 Following antimicro-
bial treatment, when the patient is increasingly vulnera-
ble to recurrences with CDI, the patient’s stool could 
serve as a rapid approach to reinstate the possibly 
depleted commensal organisms using FMT. Unlike het-
erologous FMT, autologous FMT is shown to have little 
to no improvement from prior dietary changes2 due to 
the already weakened microbiome of the patient. 
However, because it is better tolerated with a higher 
safety profile, it reduces the need for strict screening 
methodologies, thus increasing the patients’ and physi-
cians’ willingness to opt for autologous over heterolo-
gous FMT in those suffering from rCDI.21

Even so, as determined by the findings of Colleen R. 
Kelly et al., the results with donor FMT have been more 
promising due to the effectiveness of more protective 
microbes that are most often scarce from the patients’ 
stool: Bacteroides and Firmicutes.16,22 The basis for the 
higher therapeutic potential seen with heterologous 
FMT can be attributed to the fact that the donors’ feces 
are better equipped with microbes that are more favor-
ably anti-inflammatory and diverse.22 For such reasons, 
donor FMT necessitates only a partial rather than com-
plete engraftment of the donor’s feces to resolve rCDI.22 
Of course, donor FMT still carries a greater risk of 
exposing the individual to potentially pathogenic 
microorganisms that could lead to possible autoim-
mune complications; however, with more definite 
screening protocols in place, heterologous FMT’s feasi-
bility seems to be of reasonable value over autologous 
FMT. In both situations, regardless of their distinct 
favorable and unfavorable features, it can be said that 
FMT possibly proves advantageous to standard treat-
ments of care, namely, vancomycin and fidaxomicin, as 
the objective is deemed at restoring the microflora 
necessary to resolve the recurring infection versus rid-
ding the body of the pathogenic strains in the symp-
tomatic period.

2 Protein consumption has a positive correlation with overall  microbial 
diversity.8

http://www.msrj.org


Current Evidence of Fecal Microbiota TransplantDivya Lakshmi Yerramsetty and Dipendra R. Pandeya

MSRJ  2022 VOL: 08. Issue: Spring 
epub February 2022; www.msrj.org

Medical Student Research Journal 007

Fresh versus Frozen FMT
Similar outcomes were also seen in another systematic 
meta-analysis by Wenjia Hui et. al.14 The study has shown 
that there is a higher recurrence rate of diarrhea within 
the control group compared with the fresh FMT group 
(24.6 vs. 11.0%, p = 0.05), which leads to the presumption 
that, despite the difficulty involved with its preparation, 
fresh FMT is more efficacious in preventing recurrent 
bouts of diarrhea associated with rCDI. Although frozen 
FMT has been known to decrease the number and fre-
quency of donor screenings and expenses with applica-
tion in healthcare settings, the study could not detect a 
significant clinical difference with frozen FMT compared 
with its counterparts, including antibiotic treatment (p = 
0.79) and capsule forms (p = 0.45).23 Although the ideal 
form of FMT remains unknown, one may still argue that 
both fresh and frozen FMT serve as beneficial alternatives 
to antimicrobial therapies in the prevention of recurrent 
bouts of CDI, especially following the initial clinical reso-
lution of CDI with typical mainstays of treatment.

Multiple versus Single Infusion of FMT
Irrespective of delivery modality, multiple rather than a 
single infusion of FMT seemed to have assured a better 
prognosis of rCDI after initial treatment failure with FMT. 
In the comparison between donor FMT and autologous 
FMT by Colleen R. Kelly et al., multiple infusions increased 
the overall cure rate to 93.5%.16 Similarly, in the study 
conducted by G. Ianiro et al., there was complete resolu-
tion in the FMT-M group compared with the FMT-S group 
(100 vs. 75%).15 In both cases, the patient’s response to 
FMT was concentration-dependent, favoring its efficacy 
in preventing recurrent episodes of CDI. Then again, it is 
worth mentioning that more adverse events were 
recorded in the FMT-M group than in the FMT-S group 
(7  vs. 19) in the investigation led by G. Ianiro and col-
leagues, which questions the safety profile of the stool 
specimens utilized.15 Regardless, while antibiotics 
attempt to cure the disease course of CDI during the first 
episode itself, many of the relapsing cases can be 
attributed to the depleted microbiome profile of the 
patients. Thus, in cases of critical exhaustion of patients’ 
microflora, more than a single infusion of FMT may be 
required to acquire the desired effects of the novel 
procedure.

FMT versus Antibiotics
Additionally, the results of both Christian Lodberg Hvas 
et al. and Jae Hyun Shin et al. conveyed the increased 

ineffectiveness of both antibiotics in curing rCDI and 
how useful FMT is as a rescue treatment following  
initial failures with traditional approaches.17,19 For 
instance, in the open-labeled RCT by Christian Lodberg 
Hvas et al., FMT showed greater efficacy to fidaxomicin 
(p  =  0.009) and vancomycin (p = 0.001) than either of 
the antibiotics alone (p = 0.31) after the eighth-week 
follow-up.17 Even in the retrospective cohort study exe-
cuted by Jae Hyun Shin et al., the non-FMT treatment 
showed higher recurrence (16.7 vs. 8.8%) and mortality 
(12.5 vs. 6%) rates with rCDI than what was seen with 
FMT.19 Given that data were collected from a CDI-
focused clinic, there was an intensive evaluation of the 
patient at the initial admission to determine their FMT 
qualification. With such strict inclusion and exclusion 
selection criteria in place, it gives way for increased 
generalizability of FMT’s outcome data to patients suf-
fering from severe cases of rCDI. 

In another comparison with antibiotics, FMT con-
tributed to better gastrointestinal health in the long 
run. With very few studies following patients post-FMT 
for even a year, the retrospective cohort study by 
Jalanka et  al. had managed to observe patients for 
almost 3.8  years to determine the worst- and best-
case scenarios of FMT’s practical use for rCDI.24 The 
findings disclose more upper gastrointestinal pain 
and overall discomfort post-antibiotic treatment than 
what was seen with FMT (25.6 vs. 11.1%, p = 0.06). In 
fact, better bowel function was reported with FMT 
than with antibiotics (53.3 vs. 25.6%, p = 0.016). 
There  was up to 31.1% of patients who experienced 
improved mental health than the patients in the anti-
biotics group (8.9%, p = 0.06). For the reasons men-
tioned, the study also supported the patients’ 
increased readiness to consider FMT as an initial treat-
ment for rCDI over antibiotics for the extraintestinal 
benefits (FMT = 97.6%, AB = 60%). With further 
research underway, it can be understood that patients 
are more likely to fend for its regular use with the 
emergence of more favorable clinical outcomes irre-
spective of its unappealing esthetics.

Then again, a reasonable argument should still be 
made for the efficacy of antibiotics. For example, the RCT 
study by Louie et al investigates the distinct effectiveness 
of fidaxomicin and vancomycin during and after the 
treatment of CDI. In the study, fidaxomicin proved to be 
more superior to vancomycin, especially in its pursuit to 
reduce recurrence and toxin reexpression in the intestinal 
microbiome. Statistically speaking, while reappearance of 
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toxin in collected fecal samples was observed in 28% of 
vancomycin-treated patients (29 of 94 patients, p = 0.03), 
only 14% was observed in fidaxomicin-treated patients 
(13 of 91 patients, p = 0.03). Similarly, while 23% of vanco-
mycin-treated patients (10 of 44 patients) experienced 
rCDI, only 11% of fidaxomicin-treated patients had a 
recurrence. Collectively, it can be understood that com-
pared with vancomycin, fidaxomicin may serve as a 
robust choice of treatment during both the pretreatment 
and posttreatment phases of FMT, making way for a 
higher treatment prognosis in the event of using FMT as a 
rescue modality in refractory cases of CDI.

LIMITATIONS
As far as limitations are concerned, this article is flawed by 
its intent to solely focus on publications where FMT was 
more successful; hence, minimal consideration was given 
to those reporting poor treatment outcomes, despite 
comparing its efficacy to standard antibiotic therapies. 
For instance, this article failed to assess rCDI patients 
infected by the CD ribotype 027 strain, which is com-
monly associated with the poorest outcomes.11 Thus, FMT 
results might not be completely representative of patient 
populations with a high frequency of this strain. 

This article also does not focus heavily on the men-
tioned adverse events caused by FMT nor the efficacies 
of different delivery modalities of FMT due to the lack of 
information available; hence, it calls for future studies 
that can help compensate for these deficits using bigger 
sample sizes in more controlled testing environments. 

Despite the limitations, there is still considerable evi-
dence that supports FMT’s role in ridding the patient of 
rCDI without the need for detrimental rescue treatments 
involving antimicrobials and elective surgeries. However, 
before declaring the novel procedure as the best form of 
medical practice, future studies should have a stronger 
emphasis on diverse non-FMT treatments outside of 
vancomycin to allow for a more accurate assessment of 
FMT’s therapeutic role.
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INTRODUCTION
liomas are cancers of the central nervous sys-
tem (CNS) that arise from stem and progenitor 

cells of neuroglial origin. These cancers may generate 
from any of the following neuroglia: astrocytes, oligo-
dendrocytes, and ependymal cells.1 Other glial cells 
include microglia and radial glial cells, and though 
these cells often do not constitute tissue forming pri-
mary CNS tumors, certain lineages such as radial 
glial cells may be a source of stem cells that give rise 
to glioma.2

Primary brain tumors are grouped according to histo-
logic features and are graded I–IV. Recently expanded 
criteria include molecular and genetic characteristics. 
Astrocytomas are the most commonly diagnosed gli-
oma. According to World Health Organization (WHO) 
guidelines, astrocytomas are separated into four grades 
(I-IV) based on histologic features and malignant poten-
tial. Grade IV tumors include glioblastoma multiforme 
(GBM; common in adults), or diffuse midline glioma, the 
latter which affects children.3 Over 30 different types of 
glioma are described in the 2016 WHO Classification of 
Tumors of the CNS report.3

Gliomas make up approximately 30% of primary brain 
tumors, and 80% of malignant cases.1 In fact, primary 
CNS tumours account for the highest annual incidence 
of any neoplasm in children (≤19 years old) and are the 
second leading cause of mortality due to primary cancer 
in this age group. In adults, they are the most common 
primary malignant brain tumor. In the United States 
between 2007 and 2011, the incidence of gliomas was 
6.6 per 100,000 people. GBM, the most aggressive sub-
type, accounted for almost 50% of cases.4 The incidence 
of other gliomas can be up to 10 times lower than GBM. 
Like many other malignancies, incidence increases with 

age, with rates in the elderly being more than double 
the population average.5

In the most aggressive gliomas, treatment warrants 
a multi-disciplinary approach from a team of health-
care professionals. Despite major advances in under-
standing of the pathophysiology of glioma, it is still 
among the deadliest cancers. Standard treatment is 
surgical excision of the tumor followed by concomi-
tant chemotherapy and radiotherapy. The median 
overall survival (OS) for those diagnosed with GBM is 
12–18 months and 3-year survival remains below 
15%. After disease recurrence, the outcome is almost 
invariably death, as progression free survival is typi-
cally 10 weeks and median OS can be anywhere from 
25 to 40 weeks.6 Another reason for poor patient per-
formance is the fact that current standard of care for 
gliomas such as GBM is clearly defined, but no con-
sensus is available regarding second line treatment 
options.7 Thus, there is a need to develop more effica-
cious approaches to therapy.

The blood–brain barrier (BBB) separates blood per-
fusing the CNS from the surrounding brain tissue. 
The  BBB is formed by tight junctions between the 
 endothelial cells of vasculature found within the CNS. 
Furthermore, it is a functional unit composed of neuro-
nal cells, astrocyte foot processes, and pericytes, which 
reinforce the barrier.8 It is also a selective barrier that 
permits the passage of nutrients while excluding the 
entry of neurotoxins or macromolecules that are dam-
aging to nervous tissue.

The permeability of the BBB can be altered in the 
natural progression of diseases such as infections, 
brain cancer, multiple sclerosis, and stroke. In the 
development of a cancer, the changes in the tumor 
microenvironment and neovascularization modify this 

Review

http://www.msrj.org
mailto:m.sharobim@saba.edu


Bypassing the Blood–Brain Barrier to Treat Brain CancerMark Sharobim and Peter A. Tsivis

MSRJ  2022 VOL: 08. Issue: Spring 
epub February 2022; www.msrj.org

Medical Student Research Journal 011

barrier so that it is considered distinct from a normally 
functioning BBB, leading some to refer to it as the 
blood–brain tumor barrier (BBTB).9 Although the BBTB 
is more porous than the BBB, it remains unclear 
whether this permeability difference allows for any 
meaningful accumulation of chemotherapeutic drugs 
or substances.10

Reports from the 1970s by Rapoport and colleagues 
demonstrated that injection of hypertonic solutions 
mixed with Evans blue dye into arteries resulted in 
staining of surrounding brain tissue. The hypothesis 
was that the osmotic shift of fluid out of the endothe-
lial cell in a hypertonic environment disrupted the 
tight junctions and integrity of this barrier.11,12 Similar 
experiments subsequently confirmed this hypothesis, 
and this technique was termed blood–brain barrier 
disruption (BBBD). Among the earliest forms of bypass-
ing the BBB, this technique has been used with intra-ar-
terial injection of chemotherapeutic agents to increase 
the uptake of drugs in the CNS. Another method to 
bypass the BBB is to couple drugs to ligands that bind 
receptors on the surface of the endothelial cells lining 
the barrier. These ligands are transcytosed across the 
endothelial cell and taken up into the brain paren-
chyma.13,14 Another way to bypass the BBB is via direct 
deposition of the drug in the brain cavity. This is rou-
tinely done, and the drug can be implanted at the sur-
gical resection site of the tumor. Gliadel® wafers are 
small circular discs of biodegradable wafers containing 
a chemotherapeutic agent called carmustine. These 
wafers disintegrate in the presence of water to allow 
the slow local release of carmustine in a surgical resec-
tion cavity.15 This prevents residual cancer cells from 
growing. Also, because gliomas such as GBM frequently 
recur near the primary neoplastic site of origin,16 they 
also prevent disease relapse. Many placebo-controlled 
randomized clinical trials (RCTs) in the past have 
demonstrated their efficacy in treating different types 
of primary or recurrent glioma. They have been 
approved as the treatment for newly diagnosed high-
grade gliomas by the FDA since 1996.17

Candidate treatments not discussed at length in this 
report still in the early phases of clinical development 
include bradykinin-mediated BBB opening (now discon-
tinued)18 and drug efflux transporter inhibitors,19 both 
reviewed elsewhere.9 In the case of bradykinin-medi-
ated BBB disruption, the authors of the most recent clin-
ical trial have suggested that the negative results are 
because the already transient nature of the barrier 

opening by bradykinin requires concomitant and 
 continuous dosing with the desired agent (e.g., chemo-
therapy) and that these schedules often result in tachy-
phylaxis to bradykinin, as shown in early animal models. 
Drug efflux transporters implicated in CNS tumors have 
not reached clinical trial testing, and while there is more 
evidence that they cause drug resistance in other can-
cers such as breast and leukemia, no drugs are available 
in the clinic today.20

To date, the first-line therapy for newly diagnosed 
GBM is surgical resection followed by concomitant 
radiotherapy and chemotherapy. This is based on the 
clinical trial data by Stupp et al., who showed that post-
operative chemoradiotherapy with the alkylating agent 
temozolomide (TMZ) improved median survival and 
2-year survival as compared with radiotherapy alone. In 
some cases where a patient carries a favorable genetic 
mutation, the survival difference can be five-fold.21,22 
Although the standard of care of this treatment modal-
ity has not been updated recently,23 gliomas remain 
among the most aggressive cancers. Since in this proto-
col TMZ is given peripherally, its uptake in the CNS is lim-
ited by the BBB. Thus, newer therapies may be designed 
with the intent of overcoming the limitations of the 
physiologic barrier to the brain.

The purpose of this report was to review relevant liter-
ature to determine if a therapy that bypasses the BBB 
has resulted in improved treatment outcomes for 
patients diagnosed with glioma. Although other reports 
have reviewed the status of treatments that bypass the 
BBB,9 none have attempted to make a conclusion as to 
the efficacy of these treatments relative to standard of 
care. Our hypothesis is that overall, the treatment that 
actively circumvents this barrier will lead to better out-
comes for patients with glioma as compared with the 
treatment that does not actively breach the BBB. To date 
and to our knowledge, the most clinically developed 
method of BBB diversion is wafer therapy as they are the 
only treatment modality that has reached phase III clini-
cal testing. Therefore to test our hypothesis, we analyzed 
whether wafer implant therapy with or without chemo-
radiation post-surgical resection of brain tumor 
improved OS in patients with high-grade  gliomas when 
compared with placebo or no wafer therapy.

METHODS
Inclusion and Exclusion Criteria
Initially, all studies gathered were RCTs or studies with a 
treatment arm and control arm, with treatment arms 
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including intervention consisting of post-surgical 
tumor resection wafer therapy with or without chemo-
radiation; control arms used no wafer or placebo wafer 
(for  specific keywords used, see below). Studies with 
adult patients of all ages that had a histologically con-
firmed diagnosis of recurrent or de novo glioma were 
considered. Studies with patients that had prior unre-
lated malignancy that was present in the patient’s med-
ical history were excluded. Therefore, patients with brain 
metastases were not included as this represents a differ-
ent primary disease.

For efficacy analysis comparing wafer therapy with 
published data from trials using current standard of 
care protocols only, patients with primary gliomas were 
not compared with those with recurrent glioma (see 
Results section), since a recurrent tumor is frequently a 
different disease to manage.24 Also for efficacy analysis, 
gliomas in children were not included since pediatric 
and adult tumors are frequently unrelated.25 The pri-
mary outcome for analysis was the percent change in 
median survival or OS, and all studies compared 
included this measure.

Search Methods
Two databases, PubMed and Web of Science, were used 
to gather data. The keywords (‘glioma(s)’ OR ‘glial cell 
tumor(s)’ OR ‘malignant glioma(s)’) were used with the 

terms (carmustine wafers OR BCNU wafers OR chemo-
therapy wafers OR Gliadel wafers) as described previ-
ously.15 Of note, the keywords carmustine, BCNU, and 
Gliadel wafer refer to the same drug and were thus 
linked using the ‘OR’ Boolean operator.

Study Tabulations and Outcomes Measured
The definitions of clinical outcomes from various studies 
are summarized in Table 1. Percent increase in survival 
rates among treatment versus control cohorts using 
wafer therapy was graphed for studies meeting inclu-
sion and exclusion criteria as shown in Fig. 1. Statistical 
significance was determined by P<0.05, and survival 
rates were depicted in each study using the Kaplan–
Meier survival analysis; differences were determined 
using the log-rank method unless otherwise stated in 
the Results section. The evidence table (Table A1) gener-
ated in Appendix A describing the types of study was 
determined using previously published criteria.29

RESULTS
Using the search criteria outlined previously in the 
Methods section, a total of 10 papers were gathered. These 
encompassed over 500 patients across all studies. The 
studies gathered included 2 RCTs, 3 prospective cohort 
studies, and 6 retrospective case control studies, as sum-
marized in Appendix A. The following includes a summary 

Table 1. Definitions of patient outcomes measured in cancer clinical trials.26–28

Outcome parameter Definition Source

Partial response (PR) ≥50% reduction of the initial enhancing tumor, stable or reduced use of steroids, and stable 
or improved neurological function.
Must be sustained for 4 weeks.

1

Complete  
response (CR)

Resolution of the enhancing tumor as shown on computed tomograms or magnetic resonance 
(MR) images, no need for steroids, stable or improved neurological function, and negative 
results on cerebrospinal fluid (CSF) tests.

1

Stable disease (SD) No CR, PR, or progression.
Stability of tumor on imaging (T2 or fluid-attenuated inversion recovery (FLAIR))

1

Progression ≥25% increase in perpendicular diameter of the tumor
Significant increase in tumor size on imaging with stable or increasing doses of steroids

1

Overall survival (OS) Length of time from diagnosis that patient remains alive. 2
Event free survival  
(EFS)

The time it takes from the end of primary treatment for cancer until there arises a complication 
the treatment is trying to prevent.

3,4

Time to tumor 
progression (TTP)

Essentially the same definition as EFS, except the ‘event’ is the progression of the tumor. 3,4

1Gallego7, Chaichana36, Valtonen31, McGirt35, Westphal33, Affronti34, Noel38, Stupp.22

2Definition of overall survival – NCI Dictionary of Cancer Terms – National Cancer Institute.26 
3Definition of event-free survival – NCI Dictionary of Cancer Terms – National Cancer Institute.27 
4Saad and Katz.28
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of major outcomes from each study. In each study, median 
survival or OS was depicted using the Kaplan–Meier sur-
vival analysis, and differences were determined using the 
log-rank method unless otherwise stated.

Summary of Drug Wafer Therapy Studies
The earliest study published on this treatment modality is 
by Brem and colleagues.30 The trial enrolled 222 patients 
with recurrent malignant glioma confirmed by CT or MRI. 
All patients had not taken systemic chemotherapeutic 
drugs at least 1 month prior to treatment. Patients were 
randomized into two treatment groups: surgical resec-
tion followed by carmustine wafer implant versus resec-
tion followed by placebo wafer implant. Most patients  
(~ 65%) had GBM. The primary outcome reported by the 
authors was mortality rate after treatment at 6 months. 
The authors demonstrated that implantation of wafers 
significantly decreased mortality in patients when strati-
fied according to specific pathology (i.e., GBM or anaplas-
tic astrocytoma) but no difference when combined. In 
glioblastoma, treatment with wafer implants resulted in a 
mortality rate at 6 months of 44% as opposed to 64% in 
the control group (OS of 56% and 37%, respectively; 
P=0.02). This resulted in a hazard ratio of 0.67 (95% CI: 

0.48–0.95, P=0.02). Across all patients, mortality at 6 
months was 40% in the treatment group, and 53% in the 
control group (OS of 60 and 47%, respectively; P=0.061), 
with a hazard ratio of 0.67 (95% CI: 0.51–0.90, P=0.061).

In a prospective cohort study, Valtonen and col-
leagues31 enrolled 32 patients with a histopathological 
diagnosis of grade III or IV glioma. Other inclusion crite-
ria included unilateral tumor based on CT or MRI, age 
between 18 and 65 years, and a minimum score of 
60/100 on the Karnofsky Performance Scale (KPS). 
Exclusion criteria were evidence of systemic disease, 
thrombocytopenia, pregnancy, or hypersensitivity reac-
tion to contrast material. Patients in the treatment group 
received Gliadel wafers or placebo wafer post-surgical 
resection of brain tumor. In patients with grade IV 
tumors (n=27), median survival post-surgical resection 
in the control group was 39.9 weeks (95% CI: 37.6–45.0) 
as compared with 53.3 (95% CI: 40.1–77.7) in the wafer 
group (P=0.008). Treatment was associated with a haz-
ard ratio of 0.28 (95% CI: 0.10–0.71, P=0.008) using the 
Cox proportional hazards model. No difference was seen 
with variables such as KPS or age using the same model.

Subach et al32 reviewed the outcomes of 94 patients 
with recurrent GBM treated with craniotomy and 

Figure 1. Percent (%) increase in overall survival (OS) in treatment versus control groups from carmustine wafer studies and the 
Stupp protocol.
Percent increase in OS from all studies in carmustine wafer trials (blue bars). These were compared to the percent increase in 
OS demonstrated previously in the standard of care for GBM (temozolomide AND radiotherapy vs. radiotherapy alone – red bars) 
according to the Stupp protocol.22

* indicates a study that demonstrated a significant difference in OS as compared to control (P<0.05).
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surgical resection of the tumor followed by wafer 
implant. All participants were included if there was his-
tological confirmation of GBM, completion of prior 
radiotherapy, radiographic evidence of tumor growth, 
and a KPS score of ≥70. Patients were excluded if they 
received systemic chemotherapy less than 1 month 
prior to surgery. The treatment arm consisted of surgical 
resection with carmustine wafer implantation. A mean 
of six wafers was implanted in each surgical resection 
cavity. The control group was made up of patients 
receiving surgical resection of the tumor only. Median 
survival from surgery was 14 weeks for the wafer treat-
ment group and 54 weeks for the control group 
(P<0.001).

Westphal et al33 conducted a clinical trial with 240 
patients who had malignant glioma. All patients had a 
supratentorial tumor, unilateral tumor, and cerebral 
tumor as evidenced by MRI and KPS score of ≥60. After 
tumor resection, patients either received implanted car-
mustine wafer or placebo wafer. Postoperative radio-
therapy was administered to both groups. Most patients 
(~83%) had GBM. Differences in prognostic factors of 
survival in the multiple-regression analysis were calcu-
lated using the Cox proportional hazards model. Median 
survival time was 13.9 months for the wafer group and 
11.6 months for the placebo group (P=0.03). This was 
associated with a hazard ratio of 0.71 (95% CI: 0.52–0.96, 
P=0.03). Stratifying patients by GBM diagnosis only did 
not reveal a difference in survival.

In the investigation by Affronti et al,34 retrospective 
chart reviews from 176 patients with primary GBM were 
used to determine if wafer implants improved the clini-
cal outcome. All patients must have had a primary GBM 
diagnosis based on histology, a lack of chemotherapy 
treatment prior to resection, gross or total resection, 
and post-surgical adjuvant radiotherapy, and TMZ treat-
ment. No significant difference in overall, 1-year, 2-year, 
and median survival was observed across both treat-
ment groups. Despite this, median survival was higher 
in the carmustine wafer group as compared with control 
(89.4 [95% CI: 65.9–136.4] vs. 72.7 [95% CI: 62.7–84.3] 
weeks, respectively; no P value reported).

McGirt and colleagues35 combined the use of wafer 
implants with adjuvant TMZ therapy and radiation. All 
patients had received a primary resection of malignant 
GBM. All patients received adjuvant radiotherapy (XRT) 
and TMZ therapy as described in the Stupp protocol.22 
Thirty-three patients received XRT + TMZ + Gliadel 
wafer, and 45 patients received XRT + TMZ alone 

post- resection. Patients receiving the treatment regi-
men lacking Gliadel wafers had a median survival of 
14.7  months as compared with a similar cohort with 
Gliadel wafers who had a median survival of 20.7 months 
(P<0.01). A difficulty arose in which some patients did 
not receive Gliadel because the total resection was not 
achieved in all patients. Thus, more patients (60% vs. 
30% in control vs. treatment groups, respectively, 
P<0.05) in the control group had a subtotal resection. In 
cases where a gross total resection was achieved, the 
median survival increased in both cohorts but was dis-
proportionately increased in the control group, and 
therefore, the difference in survival was not significant.

The report by Chaichana and others36 limited the 
scope of their study to patients over 65 with primary 
supratentorial GBM. All patients received either wafer or 
none post-resection and post-surgical radiotherapy. The 
median survival for the treatment arm was 8.7 months, 
while it was 5.5 months for the control group (P=0.007). 
Survival rates were also significantly higher (P=0.04) for 
the treatment group at 3, 6, 9, and 12 months. The same 
trend was found in patients older than 70 and 75 years.

A total of 165 patients with newly diagnosed or recur-
rent GBM were treated in the study by De Bonis et al37 
Histological diagnosis of grade IV GBM was  performed 
after craniotomy and resection. Patients received either 
Gliadel wafers or nothing post-surgical resection. All 
were treated with TMZ and XRT post-surgery. If TMZ was 
too toxic, other drugs such as cisplatin and irinotecan 
were used; 47 patients were in the treatment group and 
13 patients were in the control arm. Median survival did 
not significantly change between treatment or control 
groups (14 months [95% CI: 8–18] vs. 11 months [95% CI: 
8–14], respectively; P=0.77). The same was true when 
patients were stratified for recurrent or de novo GBM.

In the study by Noël et al,38 28 patients received Gliadel 
wafers post-surgical resection of histologically confirmed 
grade III or IV glioma (treatment group) versus 37 patients 
with similar glioma who did not receive wafer treatment. 
There was no difference in median OS in either treatment 
group (20.6 months vs. 20.8 months, P=0.81).

In the most recently published study on wafer implant 
therapy, Samis-Zella et al39 compared the use of implant-
able wafers for recurrent grade IV GBM with patients 
with similar glioma who did not get wafer treatment. All 
patients were given TMZ as well as prophylactic cefazolin 
and dexamethasone post-surgically. Sixty-three patients 
received wafer therapy and thirty-two did not post-re-
section. Patients were matched for age, KPS 
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performance, and treatment for the initial primary 
tumor. The primary outcome reported was PFS. The 
median PFS from disease recurrence was 6.0 months (95 
% CI: 4.2–7.7) in the treatment group and 5.0 months 
(95% CI: 2.3–7.6) in the control group, and this difference 
was not significant (P=0.8).

Five of the ten studies determined statistically signif-
icant differences in median survival or OS as deter-
mined by the Kaplan–Meier survival analysis (indicated 
by a *, where P<0.05 in Table 2). Their efficacy as com-
pared to the standard of care is further analyzed in the 
proceeding section. A summary of the results of these 
studies is found in Table 2. A similar table comparing 
only study designs and evidence level is found in 
Appendix A (Table A1).

Overall Efficacy
To determine whether carmustine wafer treatment 
resulted in improved clinical performance for glioma 
patients, the percent change in survival seen in wafer 
studies was compared with previously established 
guidelines of the first-line treatment. In all 10 studies 
gathered, 6 trials using therapeutics that bypassed the 
BBB met the criteria for analysis as determined in the 
Methods section (e.g., exclusion of patients with disease 
recurrence). One study did not report OS or median sur-
vival and was excluded.39 All patients had high-grade III 
or IV glioma. Of the 6 trials, 4 (75%) demonstrated a sig-
nificant (P≤0.05) percent increase in median survival as 
compared with control or non-disruptive treatment (Fig. 
1). Two studies did not find a significant increase in sur-
vival.34,38 Thus, 75% of eligible trials using wafer treat-
ments showed a significant survival advantage over no 
wafer treatment.

To determine the usefulness of carmustine wafer 
therapy compared with the current first-line treat-
ment for GBM, the percent change in survival seen 
among each study using wafer therapy was plotted 
against the survival benefit seen in the Stupp study, 
which was the first trial that described the current 
treatment protocols.22 This is depicted in Fig. 1. In the 
four trials that demonstrated a significantly increased 
survival benefit with wafer therapy, 3 (75%) showed 
equal or greater percent increase in survival than the 
Stupp study.

DISCUSSION
GBM is the most common malignant brain tumor and is 
associated with poor clinical outcomes. The first-line 

treatment for gliomas such as GBM consists of surgical 
resection followed by concomitant radiotherapy and 
TMZ chemotherapy, referred to as the Stupp protocol.22 
Phase III studies have shown significant survival 
improvements using this protocol. Since no other treat-
ment regimen is currently comparable, and nothing is 
effective at treating recurrent GBM, more research is 
needed to further improve patient outcomes.

An area of interest is in the circumvention of the BBB, 
since most therapeutics that would otherwise effec-
tively treat cancer cannot accumulate in sufficient con-
centration in brain parenchyma. One of the most 
clinically developed modalities that physically bypass 
the BBB is via direct access through the cranium. With 
drug wafer treatments, surgically resected cancers can 
be treated by inserting a polyanhydride drug wafer 
(made up of the alkylating agent, carmustine) into the 
resection cavity, allowing for its slow release over time.

Compared with the current first-line treatment for 
GBM (Stupp protocol), 3 out of 4 (75%) selected studies 
in this report determined a greater overall percent 
increase in survival when using wafer implants. This 
indicates that using wafers may improve existing estab-
lished treatment guidelines. In general, 9 out of 10 stud-
ies showed some benefit to receiving wafer post-surgical 
resection. Some studies were underpowered (Valtonen 
et al,31 n=27) and yet still were able to distinguish a sta-
tistically significant difference in survival. It is possible 
more patients would further separate changes in clinical 
outcomes. The only study to demonstrate risk, and not 
benefit, to using wafers was by Subach et al32 This may 
be partially because both treatment and control groups 
were not the same size (n=17 and 45, respectively), and 
nearly half the patients in the wafer group (47%) had 
perioperative complications as opposed to only 13% of 
those who did not receive wafers post-resection. 
Furthermore, some have suggested that tumor location 
can be a prognostic factor, and thus, easily accessible 
tumors (cerebrum vs. brainstem) have better progno-
sis.40 Indeed, a greater proportion of tumors were in the 
frontal and temporal lobes of control group cases (72%) 
as compared with treatment cases (67%).

A major limiting factor in the results is the heteroge-
neity of controls between all the studies. There was not 
one variable that was consistently controlled for across 
all studies, although age and functional impairment 
score (KPS) were the most common variables. This is in 
line with others that show age and Karnofsky perfor-
mance are both independent factors predicting the 
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Table 2. Summary of studies demonstrating clinical outcomes after use of carmustine (Gliadel) wafer therapy in patients with 
glioma.

Authors
Method of BBB 
disruption

Study methods, population, 
exposure

Notes/outcomes

1) Brem 
et al.30*

Carmustine 
Wafers

Patients undergoing 
surgical excision of glioma 
received carmustine or 
placebo wafer.

• Most patients had GBM, but other types of glioma (e.g., anaplastic 
astrocytoma, oligodendroglioma) were also compared.

• 222 patients with recurrent brain tumors were randomized to 
wafer or no wafer therapy.

• A significant overall survival difference at 6 months was seen for 
patients with GBM or anaplastic astrocytoma.

2) Valtonen 
et al. 31,*

Carmustine 
Wafers

Patients received 
carmustine or placebo 
wafers after surgical 
excision and then 
radiotherapy

• Patients had either grade III or IV glioma as determined by 
histopathology

• 32 patients, 16 in each treatment group.
• OS increased in the wafer treatment group significantly by about 

20 weeks as compared to control. 
3) Subach 

et al.32

Carmustine 
Wafers

Patients undergoing 
secondary excision of 
recurrent GBM received 
wafers (study group) or 
simply a craniotomy 
(cohort group)

• Patients all had recurrent GBM and all received similar primary 
treatment with radiotherapy while most had received prior 
systemic chemotherapy (carmustine/cisplatin).

• 62 patients underwent operation, 17 were implanted with wafers, 
45 did not.

• A survival benefit was seen in the control group as opposed to 
the wafer group, but this was not significant.

4) Westphal 
et al.33*

Carmustine 
Wafers

Carmustine wafers + 
radiotherapy as compared 
to placebo wafers + 
radiotherapy

• 120 patients were in the placebo group and 120 were in the 
Carmustine wafer group.

• Most patients had a diagnosis of glioma, 1 and 2 patients in either 
group with brain metastases were not included in the outcome 
calculations.

• Overall survival of GBM patients (majority of the patients) was 
significantly higher in the carmustine wafer group at 13.6 and 
11.4 months for the placebo wafer group. 

5) Affronti 
et al.34

Carmustine 
Wafers

Surgical resection, 
temozolomide, 
radiotherapy with or 
without wafer implantation

• All patients treated had GBM, majority of patients were Caucasian 
and above 50 years old

• 97 patients did not receive wafers, 85 did.
• No significant differences in OS were observed

6) McGirt 
et al.35*

Carmustine 
Wafers

Patients received 
resection, radiotherapy, 
and temozolomide with 
or without carmustine 
wafers. 

• All patients had GBM
• Median survival significantly increased in patients having 

implanted wafers by 9 months.
• 38 patients were treated with wafers, 78 patients were treated without.
• Survival at 2 years was also doubled for those receiving wafers 

(statistically significant).
• 6-month PFS was also significantly higher, more than double in 

wafer treatment group (90% vs. 40%). 
7) Chaichana 

et al.36*
Carmustine 
Wafers

Standard treatment 
(including surgical excision) 
with wafers as compared to 
standard treatment without 
wafers.

• Patients > 65 years of age with a supratentorial GBM were 
selected.

• 45 patients with carmustine wafer implantation were matched 
with 45 who did not.

• Patients receiving resection with wafer implant as opposed to 
those without were matched for other variables such as age, extent 
of resection, and post-operative radiation or chemotherapy.

• A significant OS difference (P=0.007) was seen in the wafer 
treatment group as compared to control (8.7 and 5.5 months 
respectively). 

Continued
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outcome of GBM.41 Only one study (Brem and col-
leagues30) matched patients according to race. Others 
have shown similar survival outcomes across Caucasian 
and Afro-Caribbean patients with GBM, but significantly 
decreased survival in those of Hispanic descent.42 
Therefore. in addition to age and performance, the race 
is a factor that was not properly controlled that could 
change patient outcomes. Furthermore, the number of 
patients was not congruent in all 10 reports, with treat-
ment arm sizes ranging from 17 to 120.

In the future, the development of treatment modali-
ties that actively disrupt the BBB is desired. Not only 
does survival statistics for high-grade gliomas remain 
poor, the standard first-line TMZ therapy may not bene-
fit patients with genetic variations in certain DNA repair 
mechanisms.43 Thus, TMZ resistance is a problem for 
patients with GBM as there is no widely accepted sec-
ond-line treatment for this patient population. Further 
work in developing treatments that open the BBB may 
therefore alleviate this problem.

CONCLUSION
The BBB provides a significant hurdle to developing che-
motherapeutics that could successfully treat brain tumors 
such as glioma. One notable hindrance to reducing the 
dismal clinical outcomes in glioma is that no method to 
breach the BBB has proved to be successful enough to be 

used as a primary treatment. The challenge is that the 
understanding of the pathophysiology of gliomas may 
develop at a quicker pace than our knowledge of how to 
circumvent the BBB. Future work must address this dis-
parity to adequately improve patient outcomes.

This report reviewed all the relevant studies regard-
ing wafer therapy, a method of actively bypassing the 
BBB via the direct implantation of drug-eluting wafers in 
an intracranial resection cavity to treat brain cancer. 
Other, newer therapies such as receptor-mediated 
transport drug conjugates are promising due to their 
potential for low side effect profile; however, they are 
less clinically developed. For example, since only two 
studies44,45 to date that describe drugs using recep-
tor-mediated transport have failed to reach phase II 
level of development, more research is needed to 
develop more clinically suitable targets. At this time, of 
the candidate therapies that can bypass the BBB, car-
mustine wafers for patients with glioma have the most 
utility. In some cases, we have shown that they offer a 
clear advantage to current treatment regimens, but fur-
ther investigation may be necessary to determine who 
may benefit from this therapy the most. This may be 
inherent to the mechanism of action of carmustine 
wafer therapy, an alkylating agent, as certain genetic 
factors may play a role in treatment response.21 This is in 
line with our current hypothesis that truly effective 

Table 2. Summary of studies demonstrating clinical outcomes after use of carmustine (Gliadel) wafer therapy in patients with 
glioma.

Authors
Method of BBB 
disruption

Study methods, population, 
exposure

Notes/outcomes

8) De Bonis 
et al.37

Carmustine 
Wafers

Standard treatment 
(including surgical excision) 
with wafers as compared to 
standard treatment without 
wafers.

• Both patients with newly diagnosed (n=77) and recurrent (n=88) 
GBM were treated.

• Use of wafers did not significantly affect overall survival in either 
group of patients as compared to without wafers.

9) Noël 
et al.38

Carmustine 
Wafers

Standard treatment 
(including surgical excision) 
with wafers as compared to 
standard treatment without 
wafers.

• Patients were treated for either grade III or IV glioma.
• 65 patients underwent surgery, 28 had wafer implants, 37 did not.
• Use of Gliadel wafers did not change PFS or OS significantly.

10) Samis 
Zella 
et al.39

Carmustine 
Wafers

Patients had surgical 
resection, radiotherapy, and 
concomitant temozolomide. 
Patients then either received 
wafers or no wafer treatment 
post excision.

• All patients had supratentorial grade IV glioma (GBM)
• 63 patients were given wafers post resection and 32 without 

implantation.
• No significant difference in disease-free interval (DFI) or PFS in 

both treatment groups. 

A * indicates that the study determined a significant difference in overall survival in treatment versus control groups.
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opening of the BBB will improve the clinical perfor-
mance of patients with glioma.

These minor, yet significant successes have also 
demonstrated there is clinical value in pursuing the goal 
of overcoming the BBB. The future will determine if the 
goal of translating research on the bench to outcomes 
at the patient bedside is feasible. Past trials have already 
provided valuable lessons that can be applied to current 
research paradigms. Development of clinical trials 
addressing the lessons and questions outlined in this 
report may lead to the discovery of novel therapies that 
change the lives of those with malignant brain tumors.
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APPENDIX A
Table A1. Summary of study types and evidence level

Authors Method of BBB disruption Study type Evidence level

1) Westphal et al.33 Carmustine Wafers Randomized Clinical Trial (RCT) 1

2) De Bonis et al.37 Carmustine Wafers Prospective Cohort study 2

3) Noël et al.38 Carmustine Wafers Retrospective Case Control Study 3

4) Chaichana et al.36 Carmustine Wafers Retrospective Case Control Study 3

5) Affronti et al.34 Carmustine Wafers Retrospective Case Control Study 3

6) Valtonen et al.31 Carmustine Wafers Prospective Cohort Study 2

7) Subach et al.32 Carmustine Wafers Prospective Cohort Study 2

8) Brem et al.30 Carmustine Wafers Randomized Clinical Trial (RCT) 1

9) McGirt et al.35 Carmustine Wafers Retrospective Case Control Study 3

10) Samis Zella et al.39 Carmustine Wafers Retrospective Case Control Study 3

The criteria used to determine the evidence level for each study design were determined using previously published guidelines.29
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INTRODUCTION
ccording to the World Health Organization, most 
countries recruit blood donors aged between 18 

and 65 years for allogeneic transfusion, that is, for trans-
fusion to patients unrelated to the donor. In high-income 
countries, 75% of blood transfusions are given to people 
aged 65 years or older.1 In Japan, the population over 
65  years old comprised more than 28%,2 whereas the 
working-age (15–64 years old) comprised 59.7% of the 
population in 2018.3 The number of young people (under 
15  years old) who could be future donors has been 
decreasing rapidly, comprising just 12% of the 2018 pop-
ulation.3 The Ministry of Health, Labour and Welfare esti-
mated that the annual blood transfusion demand would 
increase from about 8,500,000 blood component units in 
2020 to 9,000,000 blood component units in 2027, while 
the donated blood from which those components are 
derived would decrease from about 6,500,000 units in 
2020 to 6,300,000 units. Therefore, the proportion of 
young people who donate blood and the frequency with 
which they donate warrant urgent attention. Fukushima 
is Japan’s third largest prefecture by area, but with only 
1.5% of the nation’s total and working-age population; 
29% of Fukushima’s population is 65 years old and 
above.4 In Japan, a transfused ‘unit’ of red cells, platelets, 
or plasma is historically based on a 200 mL whole blood 
donation; this volume can be collected from healthy vol-
unteers as young as 16 years old. Donations of 400 mL 
are accepted from 17-year-old men and 18-year-old 
women, according to policies liberalized in 2011. 
However, anxiety about COVID-19 infection greatly 
reduced the number of volunteer donors at various 
places affected by the spread of SARS-CoV-2.5 The 
Japanese Red Cross Society was already concerned 

about maintaining an adequate pool of blood donors. 
They have been trying to increase organizational partici-
pation and familiarity with blood donation, but putting 
even more effort into donor recruitment has been 
required in this context.6 Transfusion demand in a rapidly 
aging society is thus complicated by various health cri-
ses. The aim of this article is to explore factors influencing 
young people’s motivation to donate blood.

We previously asked university students about moti-
vators and barriers to donating blood and found that 
the proportion of those ‘frightened by blood donation’ 
significantly differed between donors and non-donors.7 
According to Lowe and Ferguson, people who receive 
positively framed messages (e.g., ‘lives saved’) tend to 
be more confident about blood safety than those who 
receive negatively framed messages (e.g., ‘lives lost’).8 A 
study conducted in Korea showed that altruism among 
high school students greatly increased blood donation 
rates and concluded that such correlates are important 
to develop a blood donation program.9 Another study 
also indicated that altruistic feelings were associated 
with donors’ satisfaction with their treatment and blood 
donor loyalty after giving blood for the first time.10 Since 
our previous study focused on students’ negative atti-
tudes toward blood donation, we explored their posi-
tive attitudes in this study to advance previous work. We 
focused on a questionnaire item that asked one’s per-
ceptions of blood donation as ‘doing good for others’ 
and actual donation behaviors among Japanese high 
school students. Our specific hypothesis was that the 
perception of blood donation as ‘doing good for others’ 
would associate with students’ actual donation behav-
ior, and the following analysis plan was to explore fac-
tors associated with that perception.

Original Research
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MATERIALS AND METHODS
This was a cross-sectional study implemented by the 
Fukushima Red Cross Blood Donor Center. The center 
conducted a questionnaire survey in 2018 at 10 high 
schools in Fukushima Prefecture. Four students did not 
respond to the survey. The questionnaire assessed basic 
characteristics of students and past blood donation 
experience, along with 10 items as motivators and 
8 items as barriers for blood donation. These motivator 
and barrier items emerged from our previous study,7 
which was also conducted in collaboration with the 
Fukushima Red Cross Blood Donor Center. The age 
range of Japanese high schoolers in general is 15 to 
18 years.

From that database, we analyzed the following: basic 
student characteristics (which school, year in school, 
gender); subjective health; ABO blood group and Rh 
(almost always Rh-positive among Asians); transfusion 
experience of close friends, family members, and neigh-
bors; and familiarity with donor eligibility criteria 
(Table  1). As for the last knowledge item, we asked, 
‘Do  you know any of the criteria under which you are 
not eligible to donate blood?’ and the response options 
were yes or no.

As the main outcome measurement, the question-
naire asked, ‘How important do you think the following 
reason is when you decide whether or not to donate 
blood, on a 5-point scale ranging from 1 = very import-
ant to 5 = not important at all?’ Among the motivators, 
our focus this time was ‘doing good for others’. For statis-
tical analysis, we placed the perception of ‘doing good 
for others’ into 2 groups. Included in the ‘important’ 
group are those who answered very important or 
important (1 and 2), and others (3, 4, and 5) were 
included in the ‘not important’ group. After confirming 
this perception associated with students’ donation 
behavior, we investigated its association with other 
variables.

Survey data were analyzed using SPSS version 25 for 
Windows. As for factors associated with the perception 
of ‘doing good for others’ through blood donation, we 
first performed chi-square tests. Significant items by 
univariate analysis (P<0.05) were entered into multivari-
ate analysis using binomial regression.

The original survey was conducted by the Fukushima 
Red Cross Blood Donor Center. It was an anonymous 
self-administered questionnaire survey conducted in 
classrooms. Our secondary analysis of the database was 
approved by the Fukushima Red Cross Blood Donor 

Center, as guided by Red Cross policy, national law, and 
the World Medical Association Declaration of Helsinki. 
Of note, the school names were masked in the database 
we received.

RESULTS
Among those in the Red Cross database, 4,506 students 
from all 10 high schools responded (99.9%). Male stu-
dents comprised 55.2% overall; first-, second-, and 
 third-year students comprised 31.8, 36.7, and 31.4%, 
respectively (Table 1).

Table 1. Characteristics of students.

Variables N (%)

N=4,506

Year in high school
 First 1,433 (31.8)
 Second 1,654 (36.7)
 Third 1,414 (31.4)
School
 School 1 373 (8.28)
 School 2 43 (0.95)
 School 3 235 (5.22)
 School 4 664 (14.7)
 School 5 1,189 (26.4)
 School 6 57 (1.26)
 School 7 455 (10.1)
 School 8 1,267 (28.1)
 School 9 166 (3.68)
 School 10 53 (1.18)
Gender
 Male 2,489 (55.2)
 Female 2,005 (44.5)
Subjective health
 Excellent 1,205 (26.7)
 Good 2,696 (60.0)
 Not good 409 (9.08)
 Poor 94 (2.09)
Knowing ABO blood type
 Yes 4,298 (95.4)
 No 202 (4.48)
Knowing Rh blood type
 Yes 516 (11.5)
 No 3,985 (88.4)
Close friends, family members, neighbors ever  
received blood transfusion
 Yes 246 (5.46)
 No 4,221 (93.7)
Knowing eligibility criteria of blood donation
 Yes 1,960 (43.5)
 No 2,492 (55.3)
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Figure 1 illustrates how the number of past blood 
donations relates to the degree that ‘doing good for oth-
ers’ is perceived. The ‘very important’ and ‘important’ 
groups correspond to exactly those survey answers, 
with the remaining answers aggregated in the ‘not sure, 
not important’ group. We found that students who 
donated blood more often tended to cite ‘doing good 
for others’ as an important motivator: the percentage of 
those answering ‘very important’ was 37.2% in the no 
donation group, 54.7% in the single donation group, 
and 62.0% in the multiple donation group.

By multivariate analysis, as shown in Table 2, two high 
schools had a significantly lower proportion of students 
answering that ‘doing good for others’ was important: 
67.2% for School 1 and 65.5% for School 5. The probabil-
ity of answering ‘doing good for others’ as important 
was significantly higher among female students 
[adjusted odds ratio (AOR)=1.853], those with better 
subjective health (AOR=2.433), those knowing their 
blood type (AOR=1.694), and those knowing eligibility 
criteria of blood donation (AOR=1.633).

DISCUSSION
As hypothesized based on previous studies from Korea9 
and Germany,10 we found that the perception of ‘doing 
good for others’ was associated with students’ past 
blood donation experiences. Our further analysis of fac-
tors associated with the perception might usefully 
inform donor recruitment efforts.

Encouraging healthy activities is intrinsically good 
and has the potential to improve subjective self-as-
sessments of health. Especially for female students, we 
need to address low hemoglobin while striving to 

motivate potential donors. In our previous report ana-
lyzing data from blood centers in northeastern Japan 
(Miyagi and Fukushima Prefectures), over 20% of stu-
dents attempting donation were deferred, mainly for 
low hemoglobin, with the probability of such a deferral 
35 times higher for female students than for male 
students.11

In contrast to low hemoglobin as a donation barrier 
for female students, low motivation seems to be a barrier 
for male students. Outreach efforts should address this. 
Hupfer showed that male undergraduates in Canada 
responded well to moderately self-referencing and agen-
tic donor recruitment messages.12 A systematic review of 
motivating factors, by gender, suggests that it could also 
motivate male students if marketing campaigns encour-
aged current donors to recruit their friends.13

Our findings that knowledge – of blood type and 
donor eligibility criteria –associates with the perception 
of blood donation as ‘doing good for others’ concurs 
with Hong and Loke that enhancement of health educa-
tion programs related to blood and blood donation for 
young people is important to increase their awareness.14 
However, a primary limitation to the generalization of 
our results is that this cross-sectional study cannot infer 
causality from statistical correlations between percep-
tions and behavior.

Nevertheless, education is widely perceived as an 
essential element of effective donor recruitment. 
Gender and other factors warrant further attention. 
Currently, we are developing blood donation education 
programs for elementary and junior high school stu-
dents as a part of a student-initiated Popularization of 
Medical knowledge (POMk) Project.15 Mentors in this 

Figure 1. Number of past blood donations correlates with the perception of blood donation as ‘doing good for others’.
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program are themselves part of a legacy that includes 
Fukushima Medical University’s response to the 2011 
Great East Japan Earthquake, when students were 
among the hospital volunteers ready to donate blood 
for emergency transfusions if Red Cross inventories 
were insufficient or unavailable.16 Education spans gen-
erations. Generation-specific health education aiming 

to ensure the future of blood donation may also improve 
the overall health of society.
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Table 2. Comparison of variables between those who think ‘doing good for others’ is important, or not, when deciding whether or 
to donate blood.

Variables Doing good for others N (%) Univariatea Multivariateb

Important 
(N=3,028)

Not important 
(N=949)

P value AOR (95% CI) P value

Year in high school
 First 981 (75.2) 323 (24.8) 0.014 1.088 (0.896, 1.321) 0.397
 Second 1,178 (78.6) 321 (21.4) 1.171 (0.961, 1.427) 0.117
 Third 868 (74.0) 305 (26.0) Reference
School
 School 1 232 (67.2) 113 (32.8) <0.01 0.335 (0.136, 0.823) 0.017
 School 2 34 (87.2) 5 (12.8) 1.115 (0.286, 4.349) 0.875
 School 3 187 (85.8) 31 (14.2) 0.695 (0,268, 1.804) 0.455
 School 4 433 (76.5) 133 (23.5) 0.416 (0.171, 1.013) 0.053
 School 5 675 (65.5) 356 (34.5) 0.280 (0.116, 0.673) <0.01
 School 6 45 (84.9) 8 (15.1) 0.689 (0.216, 2.196) 0.529
 School 7 356 (82.8) 74 (17.2) 0.577 (0.233, 1.427) 0.234
 School 8 891 (81.2) 206 (18.8) 0.519 (0.215, 1.253) 0.145
 School 9 132 (88.6) 17 (11.4) 1.041 (0.374, 2.892) 0.939
 School 10 43 (87.8) 6 (12.2) Reference
Gender
 Males 1,553 (70.3) 656 (29.7) <0.01 Reference
 Females 1,469 (83.4) 292 (16.6) 1.853 (1.566, 2.194) <0.01
Subjective health
 Excellent 853 (79.1) 225 (20.9) <0.01 2.433 (1.464, 4.043) <0.01
 Good 1,815 (76.5) 558 (23.5) 1.93 (1.178, 3.163) <0.01
 Fair 241 (67.7) 115 (32.3) 1.288 (0.753, 2.204) 0.355
 Poor 46 (59.7) 31 (40.3) Reference
Knowing ABO blood type
 Yes 2,912 (76.6) 892 (23.4) <0.01 1.694 (1.191, 2.410) <0.01
 No 114 (66.7) 57 (33.3) Reference
Knowing Rh blood type
 Yes 387 (83.0) 79 (17.0) <0.01 1.216 (0.927, 1.596) 0.158
 No 2,640 (75.2) 870 (24.8) Reference
Close friends/family members/neighbors ever received 
blood transfusion
 Yes 186 (82.7) 39 (17.3) 0.018 1.321 (0.911, 1.917) 0.142
 No 2,818 (75.7) 903 (24.3) Reference
Knowing eligibility criteria of blood donation
 Yes 1,474 (83.0) 301 (17.0) <0.01 1.633 (1.381, 1.931) <0.01
 No 1,528 (70.7) 633 (29.3) Reference

aChi-square test was used.
bBinominal logistic regression was used to calculate odds ratios of answering ‘doing good for others’ as important by entering variables that were 
significant in the univariate analysis. AOR=Adjusted odds ratio, 95% CI = 95% Confidence interval.
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The Crooked Tree.1

Some months ago, I participated in an orthopedic sur-
gery workshop as a medical student delegate. There was 
an eye-catching centerpiece in one stall that serves as 
the logo for many orthopedic organizations. It was a 
small tree strapped to a stake by a rope. This tree was an 
illustration of the idea behind the prevention and cor-
rection of bone deformities in children of the 17th cen-
tury.2 Each part of this tree served to represent the 
relationship between orthopedic surgery and nature.

BENT TRUNK WITH A ROPE AROUND IT
The trunk of this crooked tree was strapped to a stake. 
Simply, it is to make straight the trunk of the young tree. 
The same strategy is applied in clinical practice to treat 

fractures, crooked spines, and straighten bowed legs of 
children. To become an orthopedic surgeon, a physician 
has to master general orthopedics for 5 years with an 
additional 1-year training in a chosen orthopedic sub-
specialty. Therefore, the strapped trunk illustrates an 
orthopedic trainee mastering general orthopedic skills 
with the guidance of senior clinicians and curving his 
career to deliver better orthopedic care. Perhaps the 
bent trunk rather than the straight trunk denotes 
the  gratefulness, respectfulness, and humbleness of 
the trainee to his/her teachers, peers, and, of course, the 
patients. 

BRANCHES
The field of orthopedics has two different components. 
They are orthopedic subspecialties and various scopes 
of treatment. The subspecialties are Hand and Upper 
Extremity, Arthroplasty, Pediatric Orthopedics, Foot and 
Ankle Surgery, Spine Surgery, Orthopedic Oncology, 
Sports Medicine, and Orthopedic Trauma.3 The scopes 
of treatment include management of fractures and dis-
locations, torn ligaments, sprains, tendon injuries, pulled 
muscles, bursitis, ruptured disks, sciatica, low back pain, 
scoliosis, knock knees, bow legs, bunions, hammertoes, 
arthritis, osteoporosis, bone tumors, muscular dystro-
phy, cerebral palsy, club foot, unequal leg length, abnor-
malities of the fingers and toes, and growth abnormalities 
of bones.4 Therefore, branches of the crooked tree ade-
quately depict the compilation of pathologies encom-
passed by orthopedic surgery. On the contrary, the 
branches could also highlight the subspecialty training 
of an orthopedic resident in a chosen field after com-
pleting the general orthopedic training.

BUDS AND LEAVES
Orthopedic surgery is an advancing medical field. 
Day-by-day discoveries at the molecular and population 
 levels come to light for the improvement of patient care. 
The field has evolved in understanding and technology 
since Nicholas Andry’s first description. For example, 
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the  evolution of arthroscopy, a method of visualizing 
the interior joint, has opened a new era of therapy. It is 
consistent with the budding and growing of young 
leaves of the tree. Likewise, an orthopedic trainee gains 
new clinical experiences and knowledge every day 
throughout his career similar to the tree budding and 
leafing daily. 

ROOTS
The roots of this tree depict the basics of modern ortho-
pedics and its principles. The modern technology of 
orthopedics has been evolved from the discoveries of 
the forefathers of orthopedics over decades. Therefore, 
orthopedists still look at roots when faced with patient 
care decisions. Finally, strong roots keep the tree steady, 
just as our skeleton provides structure to the flesh.

It is my sincerest hope that I have successfully cap-
tured the meaning of this tree famous to orthopedists 

worldwide. From the roots to the new leaves, there are 
many translations to the field of orthopedic surgery 
hidden in this small crooked tree that can serve as 
a  discussion between those who wish to ponder the 
meaning.

Conflict of interest and funding
The authors have no conflict of interest. The authors 
have not received any funding or benefits from industry 
or elsewhere to conduct this study.

REFERENCES
1. Wongworawat MD. The living orthopaedic tree. 2007.
2. Ponseti IV. History of orthopaedic surgery. Iowa Orthop 
J 1991; 11: 59–64.
3. American College of Surgeons. Orthopedic surgery. 
Chicago, IL: American College of Surgeons; 2020.
4. Orthopedic Doctors. Physical therapy clinics in Council, 
Idaho. Orthopedic.io; 2020.

http://www.msrj.org


MSRJ  2022 VOL: 08. Issue: Spring 
epub February 2022; www.msrj.org

Medical Student Research Journal028

Reflection

Medical School is Killing My Personality

Haleigh Prather*

Oregon Health & Science University, Portland, Oregon

*Corresponding Author: Haleigh Prather; pratherh@ohsu.edu

 peer once described professionalism for medical 
students on clinical rotations as a strategic ‘pag-

eantry’. Like a trapeze artist, I am consistently toeing the 
line between formal yet relaxed, demure yet approach-
able, knowledgeable yet teachable, and all the while try-
ing to bring a unique sense of personal style and zest 
that meets (but doesn’t overstep) the subjective expec-
tations of a wide range of preceptors and their patients. 
This whole song-and-dance act leaves me open to con-
stant evaluative critiques that I’m not doing something 
right and need to change it. And at the end of a long 
day, I feel like a modern-day Sisyphus, exhausted from 
pushing my personality up a mountain of professional-
ism in an effort to keep it alive. A partial explanation for 
the friction I’m experiencing is the fact that I am very 
unapologetically myself – extroverted, silly, and dare I 
say it, loud – and I don’t like to be told to be different. But 
unfortunately, I have chosen a career that is the oppo-
site of those qualities, and I have gotten feedback to ‘be 
myself less’ more than once, leaving me feeling disen-
chanted and disconnected to the career I’ve decided to 
dedicate my life to.

From a young age, I have been confident, bold, and 
brave enough to be remembered with a big personality. 
And until recently, I believed that my personality could 
be one of my strongest qualities as a medical student. I 
envisioned it helping me to connect with and care for 
patients swiftly and effortlessly, in the same way I have 
with so many peers and colleagues over the years. 
However, after completing more than half of my clinical 
rotations, I have learned that instead of being seen as a 
refreshing energy and asset to my medical career as I 
had hoped, it is seen by many of my superiors as one of 
my most fatal flaws and a problem to be evaluated and 
corrected.

After completing my pediatric rotation, I received a 
performance evaluation from an intern which read 
‘Continue to work on gathering a history and physical 
from the patient/their family in a respectful manner 
while using professional language’. I remember feeling 

my face flush and my blood run cold after reading it. 
I thought back to the mere 2 days she and I had worked 
together and searched my memory desperately, want-
ing to remember if I had done something worth frown-
ing upon. But the only thing I could think of was the fact 
that our professional styles were very different; she was 
very stern and serious, whereas I am very casual and laid 
back. I tried to let it roll off my back, but this testimony’s 
wording felt unfair and unwarranted. I reached out to 
the pediatric course coordinator over concern that this 
feedback (which had the potential to end up on resi-
dency applications) would be misconstrued as profanity 
or something else truly inappropriate, and she com-
forted me that everyone occasionally gets bad feedback 
and that sometimes professional styles can really clash 
and that I should keep this in mind moving forward.

What stayed with me after that was the fact that I no 
longer felt allowed to be myself freely in the clinical set-
ting. I felt like I needed to censor or muffle the shine that 
makes me me and I felt at the absolute mercy of my 
overworked and under-slept supervisors – once victims 
of this culture of professionalism themselves – who 
clearly did not want to connect with me in the way I was 
looking to connect with them. And more to the point, I 
felt that this was an indication that a personality is not 
seen as an asset but as a liability, informed by the power 
politics that lead so many medical trainees and attend-
ing physicians to believe their way of practicing medi-
cine is superior to those subservient to them.

Over time, I forgot about my experience on my pedi-
atric rotation, until this feedback reared its ugly head on 
my evaluations during my family medicine rotation. This 
time the feedback was ‘change how much energy I bring 
into a room’. I was once again embarrassed that I had 
had the audacity to be myself. In my opinion, being 
bright, enthusiastic, and extroverted is also professional, 
and it felt demoralizing to me that I once again felt like 
my personality didn’t fit nicely into the preconceived, 
cookie-cutter qualities dictated by the medical power 
figures that be.
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This feedback would feel warranted if I were unable to 
titrate my energy to match that of a patient, but I have 
never felt this to be the case. I enter the exam room with 
my best self on display and if a patient is in acute pain, or 
if the topic of a conversation migrates to more serious 
topics – for example, mental health or social stressors – I 
lower my volume and replace enthusiasm with active 
listening and supportive head nodding, mirroring their 
energy and leaving space for a patient to feel heard. 
Therefore, who is this feedback to be ‘different’ for? Who 
is it benefitting? It seems like it is less of critique to be a 
better doctor and more of a subjective personal prefer-
ence. In other words, it’s something they wouldn’t do, 
but that does not mean it’s wrong.

It’s moments like these where I wonder, am I not cut 
out for medicine? There are already very few people in 
this field with a background like mine or a body like 
mine, and now I’m being told I shouldn’t have a person-
ality like mine either. What I’m getting at with all this is 
that maybe it’s just me. And if I must change so many 
things about myself just to satisfy these personality cri-
teria I never even wanted to fit into in the first place, 
then I can’t help but feel disillusioned in my career 
choices. Medicine already asks me to pay six figures in 

out-of-state tuition and almost never see my family, 
what else do I have to give up? Is the expectation that 
I must perform life-long code switching in order to be 
successful? Being different and being unique is both 
important and brave, and it is hurtful and disappointing 
to me to hear my superiors chastise me for it.

Maybe it is that I’m letting myself get too comfort-
able. Or maybe it’s that I am trailblazing a new kind of 
informal and colloquial style of medicine that will 
 benefit a distinct set of patients. Either way, I am urg-
ing those in evaluative positions of power to stop 
insinuating medical students should not feel free to be 
themselves in the name of toxic professionalism. If a 
patient were to be harmed by a personality, then of 
course this should be corrected. But to claim that I 
need to change simply because I am different or am 
not you, reader, is both harmful and untrue. To put it 
plainly, I am not open to feedback on things I am not 
interested in changing, and my personality is one of 
my favorite things about myself. So no, I will not ‘be 
myself less’ with patients as a student, as a resident, or 
as an attending. Patients deserve to have a doctor like 
me 1 day and they deserve the best version of myself 
and nothing less.
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