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Recent advances in (chemo-)radiation 
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review
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Abstract 

The role of radiation therapy in the treatment of (colo)-rectal cancer has changed dramatically over the past decades. 
Introduced with the aim of reducing the high rates of local recurrences after conventional surgery, major devel-
opments in imaging, surgical technique, systemic therapy and radiation delivery have now created a much more 
complex environment leading to a more personalized approach. Functional aspects including reduction of acute 
or late treatment-related side effects, sphincter or even organ-preservation and the unsolved problem of still high 
distant failure rates have become more important while local recurrence rates can be kept low in the vast majority 
of patients. This review summarizes the actual role of radiation therapy in different subgroups of patients with rectal 
cancer, including the current standard approach in different subgroups as well as recent developments focusing on 
neoadjuvant treatment intensification and/or non-operative treatment approaches aiming at organ-preservation.

Keywords: Rectal cancer, Chemoradiation, Review

© The Author(s) 2020. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creat iveco mmons .org/licen ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat iveco 
mmons .org/publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction and current standard approach
Rectal cancer represents approximately one-third of all 
colorectal cancer with the second highest incidence and 
the second highest cause of cancer death in the west-
ern society [1]. Considering the restricted role of radio-
therapy in the treatment of colon disease, we’ll focus our 
review mostly on rectal cancer where radiotherapy has a 
leading position in combination with both surgery and 
chemotherapy.

During the last 3 decades, the role of radiation therapy 
in the management of locally advanced rectal cancers, 
has been gradually modified. Starting in the ‘80 s with a 
prevalent adjuvant role due to its potential in reducing 
pelvic recurrence after surgical resection and increasing 

survival rates when combined with 5-FU based chemo-
therapy [2], radiotherapy was challenged, in the early 
‘90  s, with the introduction of total mesorectal excision 
(TME) that significantly decreased locoregional recur-
rence (LRR) by itself, questioning the necessity of radio-
therapy before or after surgery [3]. Several short course 
(5  Gy × 5  days) randomized trials [4–9] have demon-
strated the importance of preoperative RT plus TME in 
reducing LRR, in stage II and III rectal cancer patients. 
The assumption that adding chemotherapy to long course 
(45–50  Gy) preoperative radiotherapy could increase 
the local effect of radiotherapy, led to the comparison 
between radiotherapy and radiochemotherapy as neo-
adjuvant regimen [10]. The addition of concomitant 
chemotherapy to preoperative radiotherapy resulted in 
a significant increase in local control while only slightly 
increasing acute toxicity, without affecting adherence 
to radiotherapy, feasibility of surgery (with no increase 
of postoperative morbitidy), or adherence to adjuvant 
chemotherapy. However, no significant improvement in 
overall survival was observed in any single trial.
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Over the time, the availability of different treatment 
options (including radiotherapy and chemotherapy) and 
the possibility to use different regimens (pre- and postop-
erative), has resulted in an increasing demand of reliable 
preoperative staging. Different imaging techniques have 
been used to locally stage rectal cancer with variable sen-
sitivities and specificities [11]. High-resolution MRI has 
been shown to be superior to clinical examination, com-
puter tomography and endoluminal ultrasound (EUS) for 
rectal cancer staging [12]. The possibility to have more 
accurate information related to the pelvic structures as 
the possibility to distinguish a tumor from rectal wall, to 
depict the mesorectal fascia [13], to identify anatomical 
structures useful to support an optimal surgical tech-
nique [14] and to better characterize suspicious lymph 
nodes [15], made MRI the principal imaging technique in 
the assessment of a rectal cancer. Based on MRI imaging, 
able to identify poor prognostic factors preoperatively, 
it was possible to divide rectal cancer patients into three 
groups (“good”, “bad” and “ugly”), according to their local 
and systemic failure’s risks [16].

For “good” tumors, surgery alone is the mainstay of 
treatment. Only for tumors located in the distal rectum, 
radiochemotherapy can be considered with a neo-adju-
vant/definitive intent to increase either sphincter pres-
ervation or achieve organ preservation by omission of 
surgery or a combination with local excision in selected 
cases.

Considering patients having “bad” MRI features, neo-
adjuvant treatment has been established to reduce both 
the risks of LLR and distant metastases. Two different 
regimens have been tested in those patients: conven-
tional long-course radiochemotherapy (LCRT: 45–50 Gy 
with 1.8–2 Gy fractions over 5–6 weeks), mostly used in 
South Europe and in the United States and short-course 
radiotherapy (SCRT: 5 Gy × 5 fractions) without preoper-
ative chemotherapy, mostly used in the North of Europe. 
Several studies [7–9, 17, 18] have investigated the two 
regimens in the past, even if the enrolled population was 
not completely comparable considering that the SCRT 
regimens included patients with early tumor (stage T1–
T2 and some resectable T3), while LCRT studies consid-
ered mainly more locally advanced rectal cancer patients 
(T3, T4 and unresectable tumors). Although LCRT was 
expected to have advantages of higher sphincter pres-
ervation and lower complication rates, several phase III 
randomized studies [19, 20] have found no difference in 
oncological outcomes (DFS, OS, local relapse-free sur-
vival). However, LCRT schedule showed higher patho-
logical complete response (pCR) rate and clear resection 
margin. Similar results were obtained in the study of 
Ngan et al. [21] with a trend of better local control rate 
of LCRT in distal rectal lesions. Stating that there is not a 

real evidence to recommend one treatment modality over 
the other, the results of Ngan et  al. justify the common 
practice to treat a tumor that is located in the distal rec-
tum, close to the anal sphincter and/or locally advanced 
cT4 or CRM-positive tumors with a LCRT schedule.

In order to test if the longer interval between the end 
of radiotherapy and surgery was responsible for the 
higher pCR rate of the LC schedule, a SCRT regimen 
with delayed surgery (between 6 and 8 weeks after radi-
otherapy) was tested. A higher pCR rate was reported 
for delayed as compared with immediate surgery after 
SCRT [22]. Similar oncological outcomes were observed 
for early and delayed SCRT, with a higher acute radia-
tion toxicity rate in the delayed and a significantly higher 
rate of postoperative complications in the early surgery 
group.

Considering the essential improvement in LC reached 
with the modern neoadjuvant treatments and surgical 
TME technique, the reduction of treatment-related side-
effects and postoperative complications is now a priority. 
In LCRT and SCRT with delay, a 6–8 weeks break after 
RT is considered standard, with a higher surgical mor-
bidity when surgery is delayed for 11 weeks after LCRT 
according to a randomized trial [23], although this find-
ing could not be confirmed in other prospective trials 
[24, 25]

For the “ugly” group, characterized by a high risk for 
local recurrence and distant metastasis, neoadjuvant 
LCRT is recommended. To optimize the treatment, sys-
temic chemotherapy can be administered either before or 
after neoadjuvant LCRT/SCRT, referred to as Total neo-
adjuvant therapy (TNT) [26].

Finally, the benefit of adjuvant chemotherapy in 
patients with locally advanced rectal cancer treated with 
neoadjuvant SCRT or LCRT is still highly controversial 
[27].

Although RT is accepted as an essential component of 
multidisciplinary treatment (MDT), specific issues still 
remain unaddressed. It’s well defined that neoadjuvant 
LCRT followed by TME surgery is recommended for 
locally advanced rectal cancer, but what about early rec-
tal cancer located in the lower rectum? And more, what 
is the role of the TNT and the chemotherapy intensifi-
cation in rectal cancer? This review will recall the con-
troversial issues and analyze the recent advances in the 
radiation therapy field.

Neoadjuvant treatment intensification
During the last decades, an increasing interest in intensi-
fied treatment has been paid, mainly focused on locally 
advanced and metastatic rectal cancer. Using the stand-
ard chemoradiation approach, only about 11–18% of 
patients will achieve a pathological complete remission 
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(pCR) [28–33]. Because this small group of patients 
shows a clearly improved overall prognosis compared 
to patients with less or no response [34], several strate-
gies have been explored to improve the pCR rate or even 
omit surgery in selected cases. Those include the use of 
more intensive chemotherapy regimens concurrent to 
radiation, addition of targeting agents to concurrent 
chemoradiation, escalation of radiation dose or the use of 
altered fractionations, and the sequential use of (chemo)
radiation and (intensified) induction or consolidation 
chemotherapy regimes in the neoadjuvant setting (total 
neoadjuvant therapy, TNT).

The highest level of evidence exists for adding oxali-
platin to standard 5-FU based neoadjuvant chemora-
diation. Results from six phase III trials ([28–33, 35, 36], 
Table  1) addressing this issue have been published so 
far. Although two reported significantly increased pCR 
rates [28, 33] and one significantly improved disease-
free-survival (DFS) [28], all others failed to show any sig-
nificant improvements in major oncological endpoints 
while reporting increased toxicities [29–32, 35]. Taken 
the slightly different treatment schedules into account, 
there might be a (small) benefit for the addition of (dose-
dense) oxaliplatin, however its efficacy does not seem to 
be high enough as a sole strategy. Nevertheless, adding 
oxaliplatin to concurrent chemoradiation might be still 
considered in patients with urgent need to downsizing 
or embedded in TNT- or non-operative management 
(NOM)-approaches.

Irinotecan was also tested early as an adjunct to stand-
ard 5-FU based chemoradiation based on its known 
activity in metastatic colorectal cancer [37]. Several phase 
I-II trials and one phase III trial ([38–56], Table 2) evalu-
ating different dose schedules have reported conflict-
ing results with pCR rates of 10–38% (weighted average 
24%). While the only phase III trial showed a significantly 
improved pCR rate at the cost of increased toxicity [55], 
the only randomized phase II trial failed to show any ben-
efit of the addition of irinotecan to standard 5-FU based 
chemoradiation [51, 52]. Moreover, another randomized 
phase II trial comparing the addition of Irinotecan or 
Oxaliplatin to standard chemoradiation reported a pCR 
rate of only 12% with Irinotecan but 23% with Oxaliplatin 
with similar toxicity [49, 50]. There is some evidence that 
patients with certain UGT1A1 genotypes may respond 
better to irinotecan-based therapies [53–55], which may 
allow a better patient selection in the future. Until then, 
the results from the ongoing British phase III ARISTO-
TLE trial are awaited.

Bevacizumab, a monoclonal antibody targeting vas-
cular epithelial growth factor (VEGF), is part of most 
current standard first-line multidrug regimens used in 
metastatic colorectal cancer [57, 58]. Therefore it has 

been evaluated as an adjunct to 5-FU or 5-FU/Oxaliplatin 
based chemoradiation in numerous phase I and II studies 
for rectal cancer ([59–77], Table 3). Reported pCR rates 
range from 8 to 40% with a weighted average of 19%. The 
only randomized phase II trial [75] found a small but sig-
nificant benefit in terms of pCR compared to standard 
chemoradiation with no significant increase in acute side 
effects or postoperative morbidity. However, several oth-
ers have reported high rates of severe acute toxicities and 
postoperative complications mainly in terms of impaired 
or delayed wound healing [64, 69] which led to delayed 
or omitted adjuvant chemotherapy in a high percentage 
of patients. Therefore Bevacizumab does not seem to be 
an ideal candidate for treatment intensification at least in 
neoadjuvant settings outside a NOM approach.

Cetuximab, a monoclonal antibody targeting the Epi-
dermal growth factor (EGFR), is part of the current 
standard multidrug regimen in metastatic KRAS wild-
type colorectal cancer [57, 58]. Therefore it (as well as 
other anti-EGRF antibodies like Panitumumab or down-
stream tyrosinkinase inhibitors like Gefitinib) has been 
evaluated in combination with standard 5-FU based-
chemoradiation in various phase I and II trials ([78–95], 
Table  4) also for rectal cancer. Although most of them 
showed a modest toxicity profile, results in terms of 
pCR rates were mainly disappointing (pCR rates 0–27%, 
weighted average 14%). Two randomized phase II trials 
comparing Capecitabine- and CAPOX-based chemoradi-
ation with or without anti-EGFR agents did not observe 
a significant benefit for their addition [88, 89]. Moreo-
ver, neither KRAS status nor EGFR-expression seems a 
robust predictor of pCR [88].

Several other agents have been tested in phase I or II 
trials concurrent to chemoradiation based on more or 
less robust preclinical and/or clinical evidence either for 
their activity in colorectal cancer or for enhancing radia-
tion effects. Those include classic chemotherapy agents 
like Cisplatin [96], Mitomycin C [97], or Temozolomide 
[98], COX-2-inhibitors like Celecoxib [99–101], protea-
some inhibitors like Bortezomib [102], PI3K-akt-inhibi-
tors like Nelfinavir [103], phosphatidylserine-antibodies 
like Bavituximab [104], Multi-Tyrosine-Kinase-Inhibitors 
like Sorafenib [105, 106], PARP-Inhibitors like Veliparib 
[107] and fusion proteins like Aflibercept [108] (listed 
in Table  5). Reported pCR rates varied from 7 to 39%. 
Although the addition of some agents resulted in prom-
ising pCR rates with acceptable toxicities, these findings 
should be interpreted as preliminary and further research 
is warranted.

Another possibility of improving chemoradiation 
effects is simply to increase radiation dose. Since Appelt 
et al. [109] provided clear evidence for a dose–response 
relationship between 50,4 and 70  Gy dependent on 



Page 5 of 21Roeder et al. Radiat Oncol          (2020) 15:262  

Ta
bl

e 
2 

Ph
as

e 
I/I

I t
ri

al
s 

of
 n

eo
ad

ju
va

nt
 c

on
cu

rr
en

t c
he

m
or

ad
ia

ti
on

 a
pp

ro
ac

he
s 

w
it

h 
th

e 
ad

di
ti

on
 o

f i
ri

no
te

ca
n

n 
=

 n
um

be
r o

f p
at

ie
nt

s, 
RT

 d
os

e:
 ra

di
at

io
n 

do
se

 in
 G

y,
 c

on
c.

 C
H

T:
 c

on
cu

rr
en

t c
he

m
ot

he
ra

py
, a

dj
. C

H
T:

 a
dj

uv
an

t c
he

m
ot

he
ra

py
 (a

ft
er

 s
ur

ge
ry

), 
pC

R 
ra

te
: p

er
ce

nt
ag

e 
of

 p
at

ie
nt

s 
w

ith
 p

at
ho

lo
gi

ca
l c

om
pl

et
e 

re
m

is
si

on
, 

do
w

ns
t.:

 p
er

ce
nt

ag
e 

of
 p

at
ie

nt
s 

w
ith

 m
aj

or
 d

ow
ns

ta
gi

ng
 d

efi
ne

d 
ac

co
rd

in
g 

to
 s

tu
dy

 p
ro

to
co

l (
on

ly
 li

st
ed

 if
 c

om
bi

ne
d 

T 
an

d 
N

 d
ow

ns
ta

gi
ng

 w
as

 re
po

rt
ed

), 
3y

-D
FS

: 3
-y

ea
r d

is
ea

se
-fr

ee
 s

ur
vi

va
l, 

to
x 

gr
.3
+

: a
cu

te
 to

xi
ci

ty
 

du
rin

g 
co

m
bi

ne
d 

ch
em

or
ad

ia
tio

n 
gr

ad
e 

3 
or

 h
ig

he
r (

on
ly

 li
st

ed
 if

 a
n 

ov
er

al
l p

er
ce

nt
ag

e 
w

as
 re

po
rt

ed
), 

po
st

op
. c

.: 
po

st
op

er
at

iv
e 

co
m

pl
ic

at
io

ns
 g

ra
de

 3
 o

r h
ig

he
r (

on
ly

 li
st

ed
 if

 a
n 

ov
er

al
l p

er
ce

nt
ag

e 
w

as
 re

po
rt

ed
), 

5-
FU

: 
5-

Fl
uo

ro
ur

ac
il,

 c
i: 

co
nt

in
eo

us
 in

fu
si

on
, I

ri:
 Ir

in
ot

ec
an

, m
g:

 m
ill

ig
ra

m
, n

.s.
: n

ot
 s

pe
ci

fie
d,

 n
.r.

: n
ot

 re
po

rt
ed

, C
ap

: c
ap

ec
ita

bi
ne

, e
sc

: d
os

es
 w

er
e 

es
ca

la
te

d 
du

rin
g 

st
ud

y,
 F

A
: f

ol
in

ic
 a

ci
d,

 y
: y

ea
rs

, d
is

.: 
at

 d
is

cr
et

io
n 

of
 th

e 
tr

ea
tin

g 
ph

ys
ic

ia
n,

 L
V:

 le
uc

ov
or

in
, S

-1
: o

ra
l fl

uo
ro

py
rim

id
in

 p
ro

dr
ug

, D
LT

: d
os

e 
lim

iti
ng

 to
xi

ci
ty

 a
s 

sp
ec

ifi
ed

 in
 th

e 
pr

ot
oc

ol
, O

x:
 O

xa
lip

la
tin

, r
an

d.
: r

an
do

m
iz

ed
, F

O
LF

O
X:

 c
om

bi
na

tio
n 

re
gi

m
en

 in
cl

ud
in

g 
5-

Fl
uo

ro
ur

ac
il,

 L
eu

co
vo

rin
 

an
d 

O
xa

lip
la

tin
, R

TO
G

: r
ad

ia
tio

n 
th

er
ap

y 
on

co
lo

gy
 g

ro
up

, X
EL

IR
I: 

co
m

bi
na

tio
n 

re
gi

m
en

 in
cl

ud
in

g 
ca

pe
ci

ta
bi

ne
 a

nd
 Ir

in
ot

ec
an

, X
EL

O
X:

 c
om

bi
na

tio
n 

re
gi

m
en

 in
cl

ud
in

g 
ca

pe
ci

ta
bi

ne
 a

nd
 O

xa
lip

la
tin

, s
ig

. s
ig

ni
fic

an
tly

, i
nc

.: 
in

cr
ea

se
d,

 w
.: 

w
ith

, g
r.:

 g
ra

de
, m

FO
LF

O
X6

: F
O

LF
O

X:
 c

om
bi

na
tio

n 
re

gi
m

en
 in

cl
ud

in
g 

5-
Fl

uo
ro

ur
ac

il,
 L

eu
co

vo
rin

 a
nd

 O
xa

lip
la

tin
 a

s 
sp

ec
ifi

ed
 in

 th
e 

pr
ot

oc
ol

, 1
: d

ow
ns

ta
gi

ng
 d

efi
ne

d 
as

 re
du

ct
io

n 
fr

om
 c

lin
ic

al
 to

 p
at

ho
lo

gi
ca

l 
st

ag
e,

 2
: u

nc
er

ta
in

 R
0 

re
se

ct
io

n 
or

 s
ph

in
ct

er
 p

re
se

rv
at

io
n,

 3
: fi

xe
d 

tu
m

or
s 

or
 th

re
at

ed
 m

es
or

ec
ta

l f
as

ci
a,

 4
: t

um
or

 th
re

at
en

in
g 

(≤
 2

 m
m

) o
r e

xc
ee

di
ng

 m
es

or
ec

ta
l f

as
ci

a,
 5

: o
nl

y 
pa

tie
nt

s 
af

te
r s

tu
dy

 a
m

en
dm

en
t e

va
lu

at
ed

, 6
: 

ad
ju

va
nt

 c
he

m
ot

he
ra

py
 w

as
 re

co
m

m
en

de
d 

fo
r a

ll 
pa

tie
nt

s 
w

ith
 re

si
du

al
 d

is
ea

se
, i

n 
pa

tie
nt

s 
w

ith
ou

t r
es

id
ua

l d
is

ea
se

 C
he

m
ot

he
ra

py
 w

as
 a

t t
he

 d
is

cr
et

io
n 

of
 th

e 
tr

ea
tin

g 
ph

ys
ic

ia
n,

 7
: l

im
ite

d 
to

 p
at

ie
nt

s 
w

ith
 U

G
T1

A
1*

1*
1 

or
 *

1*
28

 p
he

no
ty

pe
, 8

: l
im

ite
d 

to
 p

at
ie

nt
s 

w
ith

 U
G

TA
1*

1*
1 

ph
en

ot
yp

e,
 9

: p
ub

lis
he

d 
as

 a
bs

tr
ac

t o
nl

y,
 1

0:
 Ir

in
ot

ec
an

 d
os

e 
w

as
 b

as
ed

 o
n 

U
G

TA
1 

ph
en

ot
yp

e,
 v

ar
: v

ar
ia

bl
e 

do
se

s, 
11

: p
CR

 ra
te

 s
ig

ni
fic

an
tly

 in
cr

ea
es

d 
w

ith
 >

 4
 

cy
cl

es
 o

f I
rin

ot
ec

an
, 1

2:
 in

 p
at

ie
nt

s 
w

ith
 y

pN
+

, 1
3:

 h
yp

er
fr

ac
tio

na
te

d 
RT

 w
ith

 1
.2

 G
y 

2 
tim

es
 p

er
 d

ay
, 1

4:
 o

ne
 c

yc
le

 c
on

so
lid

at
io

n 
ch

em
ot

he
ra

py
 (p

rio
r t

o 
su

rg
er

y)
 w

ith
 X

EL
IR

I, 
15

: o
ne

 c
yc

le
 o

f c
on

so
lid

at
io

n 
ch

em
ot

he
ra

py
 

(p
rio

r t
o 

su
rg

er
y)

 w
ith

 X
EL

O
X,

 1
6:

 m
FO

LF
O

X6
 a

ls
o 

al
lo

w
ed

, 1
7:

 4
-y

ea
r r

at
es

, 1
8:

 5
-y

ea
r r

at
es

, 1
9:

 in
 p

ha
se

 II
 p

ar
t, 

20
: r

e-
op

er
at

io
n 

ra
te

, n
. s

ig
.: 

no
 s

ig
nfi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

ar
m

s, 
21

: 5
-F

U
 in

st
ea

d 
of

 C
ap

 a
llo

w
ed

, b
ol

d 
st

yl
e:

 in
di

ca
te

s 
si

gn
ifi

ca
nt

 d
iff

er
en

ce

A
ut

ho
r

Ye
ar

Ph
as

e
D

is
ea

se
 s

ta
ge

n
RT

 d
os

e
Co

nc
. C

H
T

A
dj

. C
H

T
pC

R 
ra

te
 (%

)
do

w
ns

t
3y

-D
FS

to
x 

gr
.3
+

po
st

op
. c

M
eh

ta
 [3

8]
20

03
II

T3
 o

r T
2N

+
32

50
.4

5-
FU

 c
i +

 Ir
i

n.
s

38
71

%
1

n.
r

n.
r

n.
r

H
of

he
in

z 
[3

9]
20

05
I

T3
/4

19
50

.4
Ca

p 
(e

sc
) +

 Ir
i

n.
s

21
75

%
1

n.
r

D
LT

 2
1%

11
%

20

Kl
au

tk
e 

[4
0]

20
05

II
T3

/4
 o

r T
2N

+
 2

37
50

.4
5-

FU
 c

i +
 Ir

i
5-

FU
 +

/−
 F

A
22

n.
r

73
%

17
n.

r
n.

r

Kl
au

tk
e 

[4
1]

20
06

I/I
I

T3
/4

 o
r T

2N
+

28
55

.8
Ca

p 
(e

sc
) +

 Ir
i

5-
FU

 +
 / 
−

 FA
16

n.
r

n.
r

20
%

19
4%

N
av

ar
ro

 [4
2]

20
06

II
T3

/4
74

45
5-

FU
 c

i +
 Ir

i
di

s
14

49
%

 1
n.

r
n.

r
n.

r

W
ill

ek
e 

[4
3]

20
07

II
T3

/4
 o

r N
+

36
50

Ca
p 
+

 Ir
i

di
s

15
n.

r
n.

r
D

LT
 1

9%
n.

r

G
ly

nn
e-

Jo
ne

s 
[4

4]
20

07
I/I

I
T3

/4
3

57
45

5-
FU

/L
V 
+

 Ir
i (

es
c)

n.
s

21
41

%
1

n.
r

D
LT

 1
2%

n.
r

Sh
in

 [4
5]

20
10

II
T3

/4
 o

r N
+

43
50

.4
S-

1 
+

 Ir
i

n.
s

21
n.

r
72

%
23

%
n.

r

G
ol

lin
s 

[4
6]

20
11

I/I
I

T3
/4

4
11

0
45

Ca
p 
+

 Ir
i

di
s

22
n.

r
64

%
n.

r
n.

r

Sa
to

 [4
7]

20
11

II
T3

/4
 o

r N
+

67
45

S-
1 
+

 Ir
i

S-
1 
+

 Ir
i12

35
n.

r
n.

r
15

%
3%

20

H
on

g 
[4

8]
20

11
II

T3
/4

48
50

.4
Ca

p 
+

 Ir
i

Ca
p

25
n.

r
75

%
18

no
 g

r. 
4

5%
20

W
on

g 
[4

9,
 5

0]
20

12
II,

 ra
nd

T3
/4

11
15

50
.4

Ca
p 
+

 Ir
i

FO
LF

O
X

12
n.

r
68

%
17

27
%

19
%

RT
O

G
 0

24
7

50
.4

Ca
p 
+

 O
x

FO
LF

O
X

23
n.

r
62

%
17

27
%

20
%

M
oh

iu
dd

in
 [5

1,
 5

2]
20

13
II,

 ra
nd

T3
/4

10
6

55
.2

–6
013

5-
FU

re
c.

6
28

n.
r

n.
r

42
%

n.
r

RT
O

G
 0

01
2

50
.4

–5
4

5-
FU

 +
 Ir

i
re

c.
6

28
n.

r
n.

r
51

%
n.

r

Zh
u 

[5
3]

20
18

I
T3

-4
7

26
50

Ca
p 
+

 Ir
i (

es
c)

14
n.

s
25

n.
r

n.
r

D
LT

 2
0%

4%
20

G
ua

n 
[5

4]
20

19
II

T3
/4

8
52

50
Ca

p 
+

 Ir
i14

Ca
p 
+

/−
  O

x21
28

n.
r

n.
r

38
%

n.
r

Zh
an

g 
[5

5]
9

20
19

III
T3

/4
7

36
0

50
Ca

p15
n.

r
18

n.
r

n.
r

To
x 

si
g

n.
 s

ig

C
in

C
la

re
50

Ca
p 
+

 Ir
i10

,1
4

n.
r

34
n.

r
n.

r
in

c.
 w

. I
ri

W
an

g 
[5

6]
20

20
Po

ol
ed

T3
/4

 o
r N

+
37

1
50

Ca
p 
+

 Ir
i (

va
r)14

XE
LO

X16
23

11
n.

r
n.

r
n.

r
n.

r



Page 6 of 21Roeder et al. Radiat Oncol          (2020) 15:262 

Ta
bl

e 
3 

Ph
as

e 
I/I

I t
ri

al
s 

of
 n

eo
ad

ju
va

nt
 c

on
cu

rr
en

t c
he

m
or

ad
ia

ti
on

 a
pp

ro
ac

he
s 

w
it

h 
th

e 
ad

di
ti

on
 o

f b
ev

ac
iz

um
ab

n:
 n

um
be

r o
f p

at
ie

nt
s, 

RT
 d

os
e:

 ra
di

at
io

n 
do

se
 in

 G
y,

 c
on

c.
 C

H
T:

 c
on

cu
re

nt
 c

he
m

ot
he

ra
py

, a
dj

. C
H

T:
 a

dj
uv

an
t c

he
m

ot
he

rp
y,

 p
CR

 ra
te

: p
er

ce
nt

ag
e 

of
pa

tie
nt

s 
w

ith
 p

at
ho

lo
gi

c 
co

m
pl

et
e 

re
m

is
si

on
, d

ow
ns

t.:
 p

er
ce

nt
ag

e 
of

 
pa

tie
nt

s 
w

ith
 m

aj
or

 d
ow

ns
ta

gi
ng

 d
efi

ne
d 

ac
co

rd
in

g 
to

 s
tu

dy
 p

ro
to

co
l (

on
ly

 li
st

ed
 if

 c
om

bi
ne

d 
T 

an
d 

N
 d

ow
ns

ta
gi

ng
 w

as
 re

po
rt

ed
), 

to
x 

gr
. 3
+

: a
cu

te
 g

ra
de

 3
+

 to
xi

ci
ty

 d
ur

in
g 

ch
em

or
ad

ia
tio

n 
(o

nl
y 

lis
te

d 
if 

an
 o

ve
ra

ll 
pe

rc
en

ta
ge

 w
as

 re
po

rt
ed

), 
po

st
op

. c
.: 

po
st

op
er

at
iv

e 
co

m
pl

ic
at

io
ns

 g
ra

de
 3
+

 (o
nl

y 
lis

te
d 

if 
an

 o
ve

ra
ll 

pe
rc

en
ta

ge
 w

as
 re

po
rt

ed
), 

ra
nd

.: 
ra

nd
om

iz
ed

, 5
-F

U
: 5

-fl
uo

ro
ur

ac
il,

 c
i: 

co
nt

in
eo

us
 in

fu
si

on
, O

x:
 O

xa
lip

la
tin

, B
ev

: 
Be

va
ci

zu
m

ab
, C

ap
: C

ap
ec

ita
bi

ne
, A

m
i: 

am
ifo

st
in

e,
 F

O
LF

O
X:

 c
om

bi
na

tio
n 

re
gi

m
en

 in
cl

ud
in

g 
5-

flu
or

ou
ra

ci
l, 

le
uc

ov
or

in
 a

nd
 o

xa
lip

la
tin

, X
EL

O
X:

 c
om

bi
na

tio
n 

re
gi

m
en

 in
cl

ud
in

g 
ca

pe
ci

ta
bi

ne
 a

nd
 o

xa
lip

la
tin

, S
-1

: o
ra

l 
flu

or
op

yr
im

id
in

 p
ro

dr
ug

, L
V:

 le
uc

ov
or

in
e,

 C
A

PO
X:

 c
om

bi
na

tio
n 

re
gi

m
en

 in
cl

ud
in

g 
Ca

pe
ci

ta
bi

ne
 a

nd
 O

xa
lip

la
tin

, r
ec

.: 
re

co
m

m
en

de
d,

 d
is

.: 
at

 th
e 

di
sc

re
tio

n 
of

 th
e 

tr
ea

tin
g 

ph
ys

ic
ia

n,
 n

.s.
: n

ot
 s

pe
ci

fie
d,

 n
.r.

: n
ot

 re
po

rt
ed

, 
1:

 o
nl

y 
da

ta
 fr

om
 p

re
op

er
at

iv
e 

ch
em

or
ad

ia
tio

n 
ar

m
 in

cl
ud

ed
, 2

: o
nl

y 
da

ta
 fr

om
 s

tu
dy

 a
rm

 w
ith

ou
t i

nd
uc

tio
n 

ch
em

ot
he

ra
py

 in
cl

ud
ed

, 3
: i

nc
lu

de
d 

17
%

 p
at

ie
nt

s 
w

ith
 M

1,
 4

: i
n 

10
 fr

ac
tio

ns
, 5

: 1
 c

yc
le

 o
f F

O
LF

O
X 
+

 B
ev

 a
s 

in
du

ct
io

n 
ch

em
ot

he
ra

py
, 6

: 1
 c

yc
le

 o
f X

EL
O

X 
+

 B
ev

 a
s 

in
du

ct
io

n 
ch

em
ot

he
ra

py
, 7

: d
ow

ns
ta

gi
ng

 d
efi

ne
d 

as
 re

du
ct

io
n 

in
 p

at
ho

lo
gi

ca
l s

ta
ge

 c
om

pa
re

d 
to

 c
lin

ic
al

 s
ta

ge
, 8

: s
tu

dy
 te

rm
in

at
ed

 d
ue

 to
 p

re
de

fin
ed

 to
xi

ci
ty

 
cr

ite
ria

, 9
: c

om
pl

ic
at

io
ns

 re
qu

iri
ng

 s
ur

gi
ca

l i
nt

er
ve

nt
io

n,
 1

0:
 la

te
 s

ur
gi

ca
l c

om
pl

ic
at

io
ns

 o
f a

ny
 g

ra
de

 in
 4

7%
, 1

1:
 C

ap
 fo

r y
pN

0,
 C

A
PO

X 
or

 F
O

LF
O

X 
fo

r y
pN

+
 p

at
ie

nt
s, 

bo
ld

 s
ty

le
 in

di
ca

te
s 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

A
ut

ho
r

Ye
ar

Ph
as

e
D

is
ea

se
 s

ta
ge

n
RT

 d
os

e
Co

nc
. C

H
T

A
dj

. C
H

T
pC

R 
ra

te
 (%

)
D

ow
ns

t
To

x 
gr

.3
+

Po
st

op
. c

C
ra

ne
 [5

9]
20

10
II

T3
 N

0-
1

25
50

.4
Ca

p 
+

 B
ev

re
c

32
84

%
7

4%
12

%
9

W
ill

et
t [

60
]

20
10

I/I
I

T3
/4

32
50

.4
5-

FU
 c

i +
 B

ev
re

c
16

n.
r

n.
r

n.
r

Ko
ur

ko
ur

ak
is

 [6
1]

20
10

II
T3

 o
r N

+
19

34
 4

Ca
p 
+

 B
ev

 +
 A

m
i

Ca
p

37
n.

r
n.

r
5%

Li
an

g 
[6

2]
20

11
II

T3
/4

 o
r N

+
28

45
FO

LF
O

X 
+

 B
ev

n.
s

25
n.

r
n.

r
n.

r

Ve
le

ni
k 

[6
3]

20
11

II
T3

/4
 o

r N
+

61
50

.4
Ca

p 
+

 B
ev

Ca
p

13
74

%
7

n.
r

10
%

9

D
i P

et
ril

lo
 [6

4]
20

12
II

T3
/4

 o
r N

+
26

50
.4

5-
FU

 c
i +

 O
x +

 B
ev

5
re

c
20

n.
r

76
%

n.
r

G
as

pa
rin

i [
65

]
20

12
II

T3
/4

 o
r T

2N
+

43
50

.4
Ca

p 
+

 B
ev

5-
FU

/L
V 
±

 B
ev

14
n.

r
n.

r
8%

Re
sc

h 
[6

6]
20

12
II

T3
8

45
Ca

p 
+

 B
ev

di
s

25
n.

r
50

%
8

25
%

Ke
nn

ec
ke

 [6
7]

20
12

II
T3

/4
 o

r N
2

42
50

.4
Ca

p 
+

 O
x +

 B
ev

n.
s

18
n.

r
n.

r
11

%
9

Sp
ig

el
 [6

8]
1

20
12

II
T3

/4
 o

r N
+

35
50

.4
5-

FU
 +

 B
ev

FO
LF

O
X 
+

 B
ev

29
n.

r
n.

r
n.

r

La
nd

ry
 [6

9]
20

13
II

T3
/4

53
50

.4
Ca

p 
+

 O
x +

 B
ev

FO
LF

O
X 
+

 B
ev

17
59

%
7

72
%

6%
9,

10

D
el

la
s 

[7
0]

20
13

II
T3

/4
3

70
50

.4
Ca

p 
+

 O
x +

 B
ev

Ca
p

17
n.

r
11

%
16

%

W
an

g 
[7

1]
20

14
II

T3
/4

 o
r N

+
12

45
FO

LF
O

X 
+

 B
ev

n.
s

33
n.

r
25

%
0%

Bo
rg

 [7
2]

2
20

14
II

T3
45

45
5-

FU
 c

i +
 B

ev
n.

s
11

n.
r

20
%

20
%

G
ar

ci
a 

[7
3]

20
15

II
T3

/4
43

45
Ca

p 
+

 B
ev

Ca
p 

or
  C

A
PO

X11
8

78
%

7
n.

r
n.

r

Sa
da

hi
ro

 [7
4]

20
15

II
T3

/4
 o

r N
+

52
45

S-
1 
+

 B
ev

S-
1

19
71

%
7

2%
29

%

Sa
la

za
r [

75
]

20
15

II,
 ra

nd
T3

/4
 o

r N
+

90
45

Ca
p 
+

 B
ev

n.
s

16
73

%
7

16
%

16
%

45
Ca

p
11

78
%

7
13

%
7%

M
ae

da
 [7

6]
20

18
II

T3
/4

 o
r N

+
25

50
.4

Ca
p 
+

 B
ev

Ca
p

16
n.

r
0%

n.
r

Yu
 [7

7]
20

18
II

T3
/4

 o
r N

+
45

50
Ca

p 
+

 O
x +

 B
ev

6
XE

LO
X 
→

 C
ap

40
n.

r
20

%
13

%
9



Page 7 of 21Roeder et al. Radiat Oncol          (2020) 15:262  

Ta
bl

e 
4 

Ph
as

e 
I/I

I t
ri

al
s 

of
 n

eo
ad

ju
va

nt
 c

on
cu

rr
en

t c
he

m
or

ad
ia

ti
on

 a
pp

ro
ac

he
s 

w
it

h 
th

e 
ad

di
ti

on
 o

f E
G

FR
-p

at
hw

ay
 ta

rg
et

in
g 

ag
en

ts

KR
A

S:
 K

RA
S 

st
at

us
 o

f i
nc

lu
de

d 
pa

tie
nt

s, 
n:

 n
um

be
r o

f p
at

ie
nt

s, 
RT

 d
os

e:
 ra

di
at

io
n 

do
se

 in
 G

ra
y,

 c
on

c.
 C

H
T:

 c
on

cu
rr

en
t c

he
m

ot
he

ra
py

, a
dj

. C
H

T:
 a

dj
uv

an
t c

he
m

ot
he

ra
py

, p
CR

 ra
te

: p
er

ce
nt

ag
e 

of
 p

at
ie

nt
s 

w
ith

 c
om

pl
et

e 
pa

th
ol

og
ic

 re
m

is
si

on
, d

ow
ns

t.:
 p

er
ce

nt
ag

e 
of

 p
at

ie
nt

s 
w

ith
 m

aj
or

 d
ow

ns
ta

gi
ng

 a
cc

or
di

ng
 to

 s
tu

dy
 p

ro
to

co
l (

on
ly

 li
st

ed
 if

 c
om

bi
ne

d 
T 

an
d 

N
 d

ow
ns

ta
gi

ng
 w

as
 re

po
rt

ed
), 

to
x 

gr
.3
+

: a
cu

te
 G

ra
de

 3
+

 to
xi

ci
ty

 d
ur

in
g 

ch
em

or
ad

ia
tio

n 
(o

nl
y 

lis
te

d 
if 

an
 o

ve
ra

ll 
pe

rc
en

ta
ge

 w
as

 re
po

rt
ed

), 
po

st
op

. c
.: 

po
st

op
er

at
iv

e 
co

m
pl

ic
at

io
ns

 g
ra

de
 3
+

 (o
nl

y 
lis

te
d 

if 
an

 o
ve

ra
ll 

pe
rc

en
ta

ge
 w

as
 re

po
rt

ed
), 

ra
nd

.: 
ra

nd
om

iz
ed

, n
.s.

: n
ot

 s
pe

ci
fie

d,
 w

t: 
w

ild
 ty

pe
, 

M
RF

: m
es

or
ec

ta
l f

as
ci

a,
 d

is
.: 

di
st

al
 tu

m
or

s, 
Ca

p:
 C

ap
ec

ita
bi

ne
, C

et
: C

et
ux

im
ab

, O
x:

 O
xa

lip
la

tin
, 5

-F
U

: 5
-fl

uo
ro

ur
ac

il,
 c

i: 
co

nt
in

eo
us

 in
fu

si
on

, G
ef

: g
efi

tin
ib

, I
ri:

 Ir
in

ot
ec

an
, P

an
: P

an
itu

m
um

ab
, N

im
: N

im
ot

iz
um

ab
, C

A
PO

X:
 

co
m

bi
na

tio
n 

re
gi

m
en

 in
cl

ud
in

g 
ca

pe
ci

ta
bi

ne
 a

nd
 o

xa
lip

la
tin

, d
is

: a
t t

he
 d

is
cr

et
io

n 
of

 th
e 

tr
ea

tin
g 

ph
ys

ic
ia

n,
 L

V:
 le

uc
ov

or
in

e,
 F

O
LF

O
X:

 c
om

bi
na

tio
n 

re
gi

m
en

 in
cl

ud
in

g 
5-

FU
, l

eu
co

vo
rin

e 
an

d 
ox

al
ip

la
tin

, r
ec

. r
ec

om
m

en
de

d,
 

bo
ld

 s
ty

le
 in

di
ca

te
s 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

, 1
: o

r t
hr

ea
te

ne
d 

m
es

or
ec

ta
l f

as
ci

a 
(<

 1
 m

m
) o

r E
VS

I o
r t

um
or

 a
t l

ev
at

or
 le

ve
l, 

2:
 M

RF
+

 d
efi

ne
d 

as
 tu

m
or

 <
 1

 m
m

 o
f m

es
or

ec
ta

l f
as

ci
a 

or
 in

vo
lv

ed
 fa

sc
ia

, 3
: 3

 ti
m

es
 c

et
ux

im
ab

 m
on

o 
as

 in
du

ct
io

n,
 4

: 2
 w

ee
ks

 c
ap

ec
ita

bi
ne

 m
on

o 
as

 in
du

ct
io

n,
 5

: 4
 c

yc
le

s 
CA

PO
X 

as
 in

du
ct

io
n,

 6
: 4

 c
yc

le
s 

CA
PO

X 
+

 C
et

ux
im

ab
 a

s 
in

du
ct

io
n,

 7
: d

ow
ns

ta
gi

ng
 d

efi
ne

d 
as

 re
du

ct
io

n 
of

 p
at

ho
lo

gi
ca

l s
ta

ge
 v

er
su

s 
cl

in
ic

al
 s

ta
ge

, 8
: 

do
w

ns
ta

gi
ng

 d
efi

ne
d 

as
 y

p 
st

ag
e 

0–
1,

 9
: r

e-
op

er
at

io
n 

ra
te

, 1
0:

 ra
te

 o
f s

ur
gi

ca
l i

nt
er

ve
nt

io
ns

, 1
1:

 if
 y

pN
+

A
ut

ho
r

Ye
ar

Ph
as

e
KR

A
S

D
is

ea
se

 s
ta

ge
n

RT
 d

os
e

Co
nc

. C
H

T
A

dj
. C

H
T

pC
R 

ra
te

 (%
)

do
w

ns
t

to
x 

gr
.3
+

po
st

op
. c

M
ac

hi
el

s 
[7

8]
20

07
I/I

I
n.

s
T3

/4
 o

r N
+

40
45

Ca
p 
+

 C
et

di
s

5
38

%
7

n.
r

13
%

Ro
ed

el
 [7

9]
20

08
I/I

I
n.

s
T3

/4
 o

r N
+

 
60

50
.4

Ca
p 
+

 O
x +

 C
et

n.
s

9
n.

r
n.

r
11

%
9

Va
le

nt
in

i [
80

]
20

08
I/I

I
n.

s
T3

 o
r T

2N
+

41
50

.4
5-

FU
 c

i +
 G

ef
5-

FU
/L

V11
27

73
%

8
41

%
0%

Be
rt

ol
in

i [
81

]
20

09
II

n.
s

T3
/4

40
50

–5
0.

4
5-

FU
 c

i +
 C

et
3

n.
s

8
45

%
8

n.
r

n.
r

H
or

is
be

rg
er

 [8
2]

20
09

II
n.

s
T3

/4
 o

r N
+

50
50

.4
Ca

p 
+

 Ir
i +

 C
et

n.
s

8
n.

r
n.

r
n.

r

Ve
le

ni
k 

[8
3]

20
10

II
n.

s
T3

/4
 o

r N
+

37
45

Ca
p 
+

 C
et

4
Ca

p
8

73
%

7
n.

r
5%

9

Ki
m

 [8
4]

20
11

II
n.

s
T3

/4
 o

r N
+

40
50

.4
Ca

p 
+

 Ir
i +

 C
et

5-
FU

/L
V

23
n.

r
18

%
5%

Pi
nt

o 
[8

5]
20

11
II

n.
s

T3
N
+

 o
r T

4
60

50
.4

5-
FU

 c
i +

 O
x +

 P
an

FO
LF

O
X 
+

 P
an

21
58

%
7

n.
r

n.
r

Su
n 

[8
6]

20
12

II
n.

s
T3

/4
 o

r N
+

63
45

Ca
p 
+

 C
et

di
s

13
78

%
7

n.
r

n.
r

Ki
m

 [8
7]

20
12

Po
ol

ed
w

t
T3

/4
 o

r N
+

62
50

.4
Ca

p 
+

 Ir
i

5-
FU

/L
V

21
44

%
8

n.
r

n.
r

Ca
p 
+

 Ir
i +

 C
et

5-
FU

/L
V

28
56

%
8

n.
r

n.
r

D
ew

dn
ey

 [8
8]

20
12

II,
 ra

nd
n.

s
T3

c/
T4

1
16

5
50

.4
Ca

p5
C

A
PO

X
15

n.
r

n.
r

n.
r

Ex
pe

rt
-C

50
.4

Ca
p 
+

 C
et

6
C

A
PO

X 
+

 C
et

18
n.

r
n.

r
n.

r

H
el

bl
in

g 
[8

9]
20

13
II,

 ra
nd

w
t

T3
/4

 o
r N

+
40

45
Ca

p 
+

 P
an

re
c

10
n.

r
n.

r
18

%
10

SA
KK

 4
1/

07
28

45
Ca

p
18

n.
r

n.
r

15
%

10

Ei
st

er
er

 [9
0]

20
14

II
n.

s
T3

/4
31

45
Ca

p 
+

 C
et

n.
s

0
n.

r
n.

r
n.

r

M
ar

dj
ua

di
 [9

1]
20

15
II

w
t

T3
/4

 o
r N

+
19

45
Pa

n
n.

s
0

n.
r

n.
r

n.
r

Jin
 [9

2]
20

15
II

n.
s

T3
/4

 o
r N

+
23

50
.4

Ca
p 
+

 N
im

3
C

A
PO

X
19

n.
r

n.
r

n.
r

Ba
za

rb
as

hi
 [9

3]
20

16
II

n.
s

T3
/4

 o
r N

+
15

50
.4

Ca
p 
+

 C
et

5-
FU

/L
V 

or
 C

ap
13

n.
r

n.
r

n.
r

G
ol

lin
s 

[9
4]

20
17

II
n.

s
M

RF
+

 o
r d

is
.2

82
45

Ca
p 
+

 Ir
i +

 C
et

di
s

17
49

%
7

59
%

n.
r

Pi
nt

o 
[9

5]
20

18
II

w
t

T3
 o

r T
2N

+
 

98
50

.4
Pa

n
FO

LF
O

X
11

46
%

7
n.

r
n.

r



Page 8 of 21Roeder et al. Radiat Oncol          (2020) 15:262 

Ta
bl

e 
5 

Ph
as

e 
I/I

I t
ri

al
s 

w
it

h 
ne

oa
dj

uv
an

t c
on

cu
rr

en
t c

he
m

or
ad

ia
ti

on
 a

pp
ro

ac
he

s 
w

it
h 

th
e 

ad
di

ti
on

 o
f o

th
er

 s
ub

st
an

ce
s

n 
=

 n
um

be
r o

f p
at

ie
nt

s, 
RT

 d
os

e:
 ra

di
at

io
n 

do
se

 in
 G

y,
 c

on
c.

 C
H

T:
 c

on
cu

rr
en

t c
he

m
ot

he
ra

py
, a

dj
. C

H
T:

 a
dj

uv
an

t c
he

m
ot

he
ra

py
, p

CR
 ra

te
: p

er
ce

nt
ag

e 
of

 p
at

ie
nt

s 
w

ith
 p

at
ho

lo
gi

c 
co

m
pl

et
e 

re
gr

es
si

on
, d

ow
ns

ta
gi

ng
: 

pe
rc

en
ta

ge
 o

f p
at

ie
nt

s 
w

ith
 m

aj
or

 d
ow

ns
ta

gi
ng

 d
efi

ne
d 

ac
co

rd
in

g 
to

 s
tu

dy
 p

ro
to

co
l (

on
ly

 li
st

ed
 if

 c
om

bi
ne

d 
T 

an
d 

N
 d

ow
ns

ta
gi

ng
 w

as
 re

po
rt

ed
), 

to
x 

gr
.3
+

: a
cu

te
 g

ra
de

 3
+

 to
xi

ci
ty

 d
ur

in
g 

ch
em

or
ad

ia
tio

n 
(o

nl
y 

lis
te

d 
if 

an
 o

ve
ra

ll 
pe

rc
en

ta
ge

 w
as

 re
po

rt
ed

), 
po

st
op

. c
.: 

po
st

op
er

at
iv

e 
co

m
pl

ic
at

io
ns

 g
ra

de
 3
+

 (o
nl

y 
lis

te
d 

if 
an

 o
ve

ra
ll 

pe
rc

en
ta

ge
 w

as
 re

po
rt

ed
), 

ra
nd

.: 
ra

nd
om

iz
ed

, C
ap

: C
ap

ec
ita

bi
ne

, M
M

C:
 M

ito
m

yc
in

 C
, e

sc
: d

os
e 

es
ca

la
te

d,
 

5-
FU

: 5
-fl

uo
ro

ur
ac

il,
 c

i: 
co

nt
in

eo
us

 in
fu

si
on

, U
FT

: u
ra

ci
l-t

eg
af

ur
, F

A
: f

ol
in

ic
 a

ci
d,

 C
is

: C
is

pl
at

in
, O

x:
 O

xa
lip

la
tin

, C
A

PO
X:

 c
om

bi
na

tio
n 

re
gi

m
en

 in
cl

ud
in

g 
ca

pe
ci

ta
bi

ne
 a

nd
 o

xa
lip

la
tin

, L
V:

 le
uk

ov
or

in
, T

em
: T

em
oz

ol
om

id
e,

 C
el

e:
 

Ce
le

co
xi

b,
 R

al
ti:

 R
al

tit
re

xe
d,

 B
or

te
: B

or
te

zo
m

ib
, N

el
: N

el
fin

av
ir,

 B
av

i: 
Ba

vi
tu

xi
m

ab
, S

or
: S

or
af

en
ib

, V
el

i: 
Ve

lip
ar

ib
, A

fli
: A

fli
be

rc
ep

t, 
n.

s.:
 n

ot
 s

pe
ci

fie
d,

 d
is

.: 
at

 th
e 

di
sc

re
tio

n 
of

 th
e 

tr
ea

tin
g 

ph
ys

ic
ia

n,
 F

O
LF

O
X:

 c
om

bi
na

tio
n 

re
gi

m
en

 in
cl

ud
in

g 
5-

flu
or

ou
ra

ci
l, 

le
uc

ov
or

in
e 

an
d 

ox
al

ip
la

tin
, r

ec
.: 

re
co

m
m

en
de

d,
 n

.r.
: n

ot
 re

po
rt

ed
, g

r.:
 g

ra
de

, D
LT

: d
os

e 
lim

iti
ng

 to
xi

ci
ty

 a
s 

pr
ed

efi
ne

d 
in

 th
e 

pr
ot

oc
ol

, b
ol

d 
st

yl
e:

 in
di

ca
te

s 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
, 1

: o
nl

y 
KR

A
S 

m
ut

an
t p

at
ie

nt
s 

in
cl

ud
ed

, 2
: p

at
ie

nt
s 

re
ce

iv
ed

 a
n 

ad
di

tio
na

l b
ra

ch
yt

he
ra

py
 b

oo
st

 w
ith

 5
 G

y 
in

 1
 fr

ac
tio

n,
 3

: p
at

ie
nt

s 
re

ci
ve

d 
on

e 
co

ns
ol

id
at

io
n 

cy
cl

e 
of

 C
A

PO
X 

pr
io

r t
o 

su
rg

er
y,

 4
: r

ec
om

m
en

de
d 

on
ly

 fo
r y

pN
+

 
pa

tie
nt

s, 
5:

 s
ig

ni
fic

an
tly

 in
cr

ea
se

d 
pC

R 
ra

te
 in

 n
 =

 1
6 

pa
tie

nt
s 

w
ith

 m
et

hy
la

te
d 

M
G

M
T 

pr
om

ot
or

 c
om

pa
re

d 
to

 n
 =

 6
 p

at
ie

nt
s 

w
ith

ou
t M

G
M

T 
m

et
hy

la
tio

n 
(3

8%
 v

s 
17

%
), 

6:
 n

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
, 7

: d
ow

ns
ta

gi
ng

 d
efi

ne
d 

as
 y

p 
st

ag
e 

0–
1,

 8
: d

ow
ns

ta
gi

ng
 d

efi
ne

d 
as

 re
du

ct
io

n 
of

 y
p 

st
ag

e 
co

m
pa

re
d 

to
 c

 s
ta

ge
, 9

: t
re

at
m

en
t w

ith
 c

el
ec

ox
ib

 fi
ni

sh
ed

 d
ue

 to
 ra

sh
 (a

lth
ou

gh
 a

ll 
gr

ad
e 

1–
2)

, 1
0:

 a
na

st
om

ot
ic

 le
ak

ag
e

A
ut

ho
r

Ye
ar

Ph
as

e
D

is
ea

se
 s

ta
ge

n
RT

 d
os

e
Co

nc
. C

H
T

A
dj

. C
H

T
pC

R 
ra

te
 (%

)
D

ow
ns

t
To

x 
gr

.3
+

Po
st

op
. c

Va
le

nt
in

i [
96

]
20

08
IIb

T3
16

4
50

.4
C

is
/5

-F
U

di
s.4

22
6

52
%

7
7%

10
%

10

50
.4

O
x +

 R
al

ti
di

s.4
28

6
58

%
7

16
%

6%
10

St
oj

an
ov

ic
 [9

7]
20

11
II

T3
/4

 o
r N

+
49

45
Ca

p 
+

 M
M

C
5-

FU
/L

V
16

27
%

7
n.

r
16

%

Je
on

g 
[9

8]
20

16
I

T3
/4

 o
r N

+
22

50
.4

Ca
p 
+

 Te
m

 (e
sc

)
n.

s
32

5
n.

r
18

%
n.

r

Ja
ko

bs
en

 [9
9]

20
08

II
T3

/4
35

60
2

U
FT

 +
 C

el
e

n.
s

21
n.

r
6%

 (4
9%

9 )
n.

r

D
eb

uc
qu

oy
 [1

00
]

20
09

II,
 ra

nd
T3

/4
 o

r N
+

35
45

5-
FU

 c
i +

 C
el

e
di

s
39

6
n.

r
0%

n.
r

5-
FU

 c
i

29
6

n.
r

3%
n.

r

W
an

g 
[1

01
]

20
14

II
T3

/4
 o

r N
+

 
53

44
U

FT
 +

 FA
 +

 C
el

e
FO

LF
O

X
13

n.
r

6%
 (g

r. 
4)

n.
r

O
´N

ei
l [

10
2]

20
10

I
T3

/4
 o

r N
+

10
50

.4
5-

FU
 c

i +
 B

or
te

 (e
sc

)
n.

s
10

40
%

7
D

LT
 4

0%
n.

r

Bu
ijs

en
 [1

03
]

20
13

I
T3

/4
 o

r N
+

11
50

.4
Ca

p 
+

 N
el

 (e
sc

)
n.

s
27

82
%

7
55

%
9%

M
ey

er
 [1

04
]

20
18

I
T3

/4
 o

r N
+

14
50

.4
Ca

p 
+

 B
av

i (
es

c)
di

s
7

64
%

8
25

%
21

%

vo
n 

M
oo

s 
[1

05
]

20
18

I/I
I

T3
/4

 o
r N

+
1

54
45

Ca
p 
+

 S
or

 (e
sc

)
re

c
15

n.
r

n.
r

13
%

Ki
m

 [1
06

]
20

16
I

T3
/4

 o
r N

+
17

50
.4

5-
FU

 c
i +

 S
or

 (e
sc

)
n.

s
33

87
%

8
18

%
n.

r

C
zi

to
 [1

07
]

20
17

Ib
T3

/4
 o

r N
+

32
50

.4
Ca

p 
+

 V
el

i (
es

c)
re

c
29

71
%

7
25

%
n.

r

Be
nd

el
l [

10
8]

20
17

II
T3

/4
 o

r N
+

39
50

.4
5-

FU
 +

 A
fli

FO
LF

O
X 
+

 A
fli

23
n.

r
n.

r
11

%



Page 9 of 21Roeder et al. Radiat Oncol          (2020) 15:262  

pretreatment T- and N-category [109], various pro-
spective observational and phase I/II trial have evalu-
ated dose escalation in the mentioned range within 
different concurrent chemotherapy regimens ([51, 52, 
99, 110–142], Table 6). Dose escalation was achieved by 
either adding more fractions in conventional fractiona-
tion, using altered fractionation regimes or by adding a 
brachytherapy boost. Reported pCR rates ranged from 
0 to 50% with a weighted average of 22% (excluding the 
population based trial [137]). Mohiuddin et  al. [51, 52] 
reported a comparative study using conventional frac-
tionation to either standard dose (45–50 Gy) or escalated 
dose (55–60  Gy) and observed a significantly increased 
pCR rate with dose escalation (13% vs 44%). Regarding 
brachytherapy boosts, one phase II trial with a matched 
cohort found a significant increase in pCR rates (12% vs 
29%) [134] while a Danish phase III trial did not observe 
a significant difference in pCR rates [128]. As pCR neces-
sitates complete remission of primary tumor and lymph 
nodes (with the latter usually not affected by brachy-
therapy), approaches using external beam techniques for 
dose escalation seem more meaningful. Of note, none 
of the mentioned trials reported excessive grade 3+ late 
toxicity (0–11%). Therefore, further evaluation of moder-
ate radiation dose escalation in larger trials seems to be 
one reasonable strategy to improve pCR rates.

All of the mentioned strategies aimed at enhancing 
either the chemo- or the radiation part during concur-
rent chemoradiation and therefore allowed only mod-
erate escalations due to concerns of toxicity. However, 
dose-intense combination chemotherapy regimens alone 
may result in considerable rates of downstaging and pCR 
rates as indicated by several studies [143]. Therefore, 
it seems reasonable to combine chemoradiation with 
sequential dose-intense combination chemotherapy in 
the neoadjuvant setting to improve pCR rates (known as 
TNT). Similarly to other diseases, this should result also 
in enhanced treatment compliance compared to adjuvant 
chemotherapy and further targets the unsolved prob-
lem of high distant metastases rates in rectal cancer by 
early initiation of systemic treatment. Several trials have 
already reported encouraging results using different 
schedules of sequential radio(chemo)therapy and com-
bination chemotherapy ([20, 24, 25, 64, 88, 144–162], 
Table  7). Reported pCR rates ranged from 14 to 37% 
(weighted average 21%) in the TNT arms compared to 
11–25% (weighted average 14%) in the standard chemo-
radiation arms of the comparative studies, indicating the 
superiority of the TNT approach. Moreover, the largest 
randomized trials observed significant benefits in terms 
of disease-free in the TNT arms mainly attributed to a 
reduction of distant failures [24, 156, 160–162], although 
using slightly different approaches. The Timing of Rectal 

Cancer Response to Chemoradiation Consortium in the 
United States [24, 156] performed a sequential cohort 
phase II study including 259 patients with T3/4 or nodal 
positive patients. All received upfront long-course chem-
oradiation (50  Gy with 5-FU c.i.) and were sequentially 
scheduled to receive either no or 2–6 cycles of mFOL-
FOX6 consolidation chemotherapy prior to surgery [24]. 
Chemotherapy was completed postoperatively aim-
ing at similar total numbers of chemotherapy cycles for 
all four arms. The pCR rate significantly increased with 
the number of consolidation chemotherapy cycles from 
18% (none) to 38% (6 cycles) [24]. Three-year DFS rates 
were also significantly increased for all TNT arms com-
pared to the standard arm, although it has to be noted 
that the mean number of total chemotherapy cycles was 
lower in the standard arm [156]. The Polish group [157] 
conducted a phase III trial randomizing 515 patients 
with fixed T3 or T4 tumors to long-course chemoradia-
tion (50, 4  Gy with 5-FU, leucovorin and, partly, oxali-
patin) or to short-course radiation (5 × 5 Gy) followed by 
3 cycles of consolidation chemotherapy with FOLFOX 
prior to surgery [157]. They observed no significant dif-
ferences in R0-resections rates (primary endpoint), pCR 
rates or DFS. The significant OS benefit at 3 years (73% vs 
65%) [157] disappeared with longer-follow-up [20]. The 
RAPIDO group [160, 161] used a similar approach rand-
omizing 911 patients with high risk rectal cancer (defined 
as cT4, cN2, EMVI+, MRF+ or positive lateral nodes) to 
either long-course chemoradiation (50,4  Gy + Capecit-
abine) or 5 × 5 Gy followed by six cycles of consolidation 
chemotherapy with CAPOX or nine cycles of FOLFOX 
[160]. They found significantly improved pCR rates (28% 
vs 14%) favoring the TNT arm, which came at the cost 
of significantly increased acute grade 3+ toxicity (48% 
vs 25%) [160, 161]. Moreover, they described a signifi-
cant benefit for the TNT arm in terms of disease-related 
treatment-failure (24% vs 30%) [161]. Finally, the French 
Group [162] tested TNT using induction chemotherapy 
in 461 patients with T3/T4 lesions. The patients either 
received long-course chemoradiation (50  Gy + Capecit-
abine) followed by surgery and adjuvant chemotherapy 
(12 × mFOLFOX6 or 8 × Capox) or induction chemo-
therapy with 6 cycles of mFOLFIRINOX followed by 
chemoradiation, surgery and less intensive adjuvant 
chemotherapy (6x mFOLFOX6 or 4x CAPOX) [162]. 
Similar to the RAPIDO trial, they described significantly 
improved pCR rates (28% vs 12%) and 3-year-DFS rates 
(76% vs 69%) for the TNT arm [162].

Regarding the timing of chemoradiation and chemo-
therapy, both possible approaches (induction or con-
solidation chemotherapy) reached comparable results 
in terms of pCR rates and survival. The German CAO/
ARO/AIO-12 trial [25], which directly compared 
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induction and consolidation chemotherapy strictly 
using the same schedules during chemotherapy as well 
as chemoradiation in both arms, and thus achieving the 
same time interval from treatment start to surgery, found 
a non-significant but distinct difference in pCR rates 
favoring the consolidation arm (17% vs 25%). This might 
be explained by the longer time interval from chemoradi-
ation to surgery, although the randomized GRECCAR-6 
trial (without consolidation chemotherapy) was not able 
to confirm such an association [163].

In summary, several strategies to improve the pCR 
rate by neoadjuvant treatment intensification currently 
exist with the TNT approach probably being the most 
promising as it targets not only pCR rate but also seems 
to reduce distant failure rates with improved treatment 
compliance and acceptable toxicity. Although the most 
recent phase III trials (RAPIDO, PRODIGE 23) have 
been published only in abstract form so far, TNT will 
probably be the new standard of care for high-risk rec-
tal cancer patients with the detailed treatment algorithm 
regarding to different subgroups yet to be defined.

Combination of the TNT approach with intensification 
of the concurrent treatment phase by moderate radiation 
dose escalation might be a reasonable further direction of 
research especially if non-operative management strat-
egies (as addressed in the following part) are taken into 
account.

Organ-preserving surgery and non-operative 
management
Organ-preserving surgery
Local excision (LE, e.g. in the form of transanal endo-
scopic microsurgery, TEM) was initially tested as an 
organ preserving surgical alternative in prospective, 
non-randomized phase 2 studies for cT1/2 and early cT3 
tumors in the lower third of the rectum after RCT with 
the aim of avoiding abdominoperineal resection with 
permanent stoma or resection with coloanal anastomosis 
and its morbidities while maintaining the same oncologi-
cal safety. Meanwhile, results from two prospective rand-
omized studies are available. An Italian study randomized 
100 patients with distal cT2N0 tumors after neoadjuvant 
RCT between TEM and laparoscopic TME [164]. In 
both arms the R0 resection rate was 100%. Conversion 
to radical surgery was not performed in either patient in 
the TEM arm. Patients operated with TEM had a signifi-
cantly shortened operation time and less blood loss, but 
postoperative complications did not differ significantly 
in both groups. With a follow-up of 9.6 years there were 
4 local recurrences and 2 distant metastases after TEM, 
3 local recurrences and 2 distant metastases after TME. 
Data on quality of life, functional outcome and late mor-
bidity were not reported.

The French GRECCAR 2 trial was a prospective, mul-
ticenter phase 3 trial that randomized patients with 
cT2/3 N0-1 tumors up to 8 cm from the anal verge and 
with good response (residual tumor < 2  cm) 6–8  weeks 
after RCT into an LE versus TME group [165]. In the LE 
group, TME completion surgery was performed in case 
of ypT2-3 or R1. Of 186 patients included, 148 (80%) 
showed good response and 145 were randomized. In 
the LE arm, 26/74 patients (35%) required TME com-
pletion surgery. The primary endpoint was a combina-
tion of events: death, recurrence, surgical complication 
rate grade 3–4, and severe adverse events at 2  years 
(anal incontinence, impotence, definite colostoma). One 
or more of these events were observed in the intention-
to-treat analysis after 2 years in 41/73 patients (56%) in 
the LE group and in 33/69 patients (48%) in the TME 
group (p = 0.43). There were no significant differences 
in the individual components of the combined endpoint 
between the two randomization groups, with the sub-
group of patients with TME completion surgery after LE 
performing particularly poorly in the cumulative score 
of surgical complication rates and adverse events after 
2 years (29% after LE, 38% after TME, 78% after LE plus 
TME). With a follow-up of 60  months both treatment 
groups showed no significant differences in oncologi-
cal 5-year endpoints (LE arm vs. TME arm: local recur-
rence rate 7% vs. 7%, distant metastasis rate 18% vs. 19%, 
disease-free survival 70% vs. 72%, overall survival 84% vs. 
82%).

Overall, the role of LE/TEM after RCT is not suffi-
ciently clarified. Prognostically unfavorable findings after 
LE (R1, ypT2/3, ypN+) usually require TME comple-
tion surgery, which may be associated with significantly 
higher surgical complication rates, poorer long-term 
functional outcome and a higher rate of definitive colos-
tomas than primary TME. Thus, the concept of neoadju-
vant RCT followed by LE and possibly followed by TME 
completion surgery represents a potentially significant 
overtreatment especially for patients with early rectal 
cancer. Further studies will clarify which histopathologi-
cal findings after LE require TME completion surgery 
(e.g. does every ypT2 after LE require TME?). Finally, 
it remains to be clarified how functional endpoints and 
aspects of quality of life/morbidity after RCT and LE 
compare to primary radical surgery.

Nonoperative management following neoadjuvant 
standard chemoradiotherapy
Investigators from the University of Sao Paulo were the 
first to pioneer the selective nonoperative management 
(NOM) approach for patients with potentially resectable 
rectal distal cancer who experience a clinically complete 
response (cCR) to chemoradiotherapy (CRT) [166]. In 
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early reports, Habr-Gama et al. described the outcomes 
of 361 patients with cT2-4 and or cN+ distal rectal can-
cer treated with standard neoadjuvant CRT (50.4 Gy plus 
5-FU/folinic acid) and assessed for response 8 weeks after 
completion of CRT with clinical, endoscopic, and radio-
logic studies. Patients with initial cCR (n = 122, 34%) 
underwent a strict watch-and-wait (W&W) strategy with 
monthly examinations for the first year; 23 of these 112 
patients (19%) developed local tumor regrowth within 
12  months. Only patients without any local regrowth 
within the first year of follow-up were considered to have 
a “sustained cCR”. A total of 99 of 361 (27.4%) patients 
met the criteria for sustained cCR and had a mean fol-
low-up of 60 months, during which 5 patients developed 
endoluminal (all salvaged), 7 distant, and 1 combined 
recurrences [167].

Maas et  al. aimed to replicate the results from Sao 
Paulo, evaluating also the role of modern MRI techniques 
in the selection and follow-up of patients [168]. Re-stag-
ing was performed 6–8 weeks after completion of stand-
ard CRT (50.4 Gy, concurrent capecitabine) for clinically 
T3-4 and/or N+ rectal cancer patients by use of digital 
rectal examination, high-resolution MRI and endoscopy 
plus biopsies. If these examinations indicated no residual 
tumor or residual fibrosis only, patients were eligible for 
NOM combined with intensive follow-up: 21 of the 192 
(11%) patients had evidence of cCR. With a median fol-
low-up of 25 months, only one patient developed a local 
recurrence (successfully treated with salvage surgery), 
20 patients are alive without disease. Patients with cCR 
included in a wait-and-see policy did at least as good 
as a control group of 20 patients with a pCR after radi-
cal surgery, but had less toxicity and better short-term 
bowel function. In a more recent update of this strategy, 
including 100 patients with cCR and a median follow-
up of 41 months, local regrowth occurred in 15 patients 
(12 luminal, 3 nodal), all salvageable, with a 3-year local 
regrowth-free survival of 85%, and a 3  year overall sur-
vival of 97%. Continence after watch-and-wait based on 
the Vaizey incontinence score was excellent [169]. A ret-
rospective analysis from the Netherlands with 41 W&W 
patients who were matched with 41 patients who had 
undergone standard CRT and TME reports better func-
tional results with regard to continence, defecation, mic-
turition, and sexuality as well as a globally better quality 
of life in the W&W Group [170].

Meanwhile, several population-based data collec-
tions on the W&W strategy are available. The British 
"OnCoRe" project reports on 129 patients who achieved 
cCR following standard CRT and chose a W&W strategy. 
With a median follow-up of 33 months, 44 patients (34%) 
developed local regrowth, which could be treated with 
curative salvage surgery in 41 patients [171]. A propensity 

score cohort analysis showed no significant difference for 
DFS and OS compared to a cohort of patients matched 
by T-category, age and performance status. Colostomy-
free survival was significantly better in the W&W Group. 
The largest population-based data collection to date, the 
International Watch&Wait Database (IWWD), reports 
on 880 patients with cCR after neoadjuvant CRT from 47 
institutions and 15 countries [172]: with a median follow-
up of 3.3 years local regrowth was of 25.2% after 2 years; 
95% of these recurrences were localised in the rectal wall, 
and 88% were diagnosed within the first 2  years. The 
rate of distant metastases was low at 8%, disease-specific 
survival and overall survival was favourable at 94% and 
85% after 5 years. Systematic reviews and meta-analyses 
of retro- and prospective studies on the W&W strat-
egy describe pooled local regrowth rates of 15.7% after 
2 years and 21.6% after 3 years [173, 174]. The incidence 
of distant metastases is consistently low in these meta-
analyses (6.8% after 3 years in [174]).

Can organ preservation by NOM be further optimized?
Habr-Gama et al. reported the results of a more intense 
CRT regimen of 54 Gy in 30 fractions with 3 concurrent 
cycles of 5-FU/folinic acid every 21  days, followed by 3 
further cycles of consolidation chemotherapy before 
response assessment 9  weeks after completion of CRT: 
initial cCR in 70 patients with T2-3 distal rectal cancer 
was 68%, and sustained cCR at 1 year of follow-up 57% 
[175]. Another prospective watch-and-wait approach 
from Denmark evaluated patients with low-lying (< 6 cm 
from anal verge) cT2-3, cN0-1 rectal cancer [133]. 
Patients were treated with an increased radiation dose 
(60 Gy in 30 fractions with an additional 5 Gy endorectal 
brachytherapy boost) and concurrent oral tegafur-uracil. 
Response was assessed 6 weeks after CRT by endoscopy/
biopsy and MRI, and complete responders were prospec-
tively observed. A total of 40 out of 51 eligible patients 
(78%) met the criteria of cCR. With a median follow-up 
of 24 months, the 1- and 2-year cumulative incidence of 
local regrowth for these 40 patients were 15% and 26%, 
respectively. All these patients were successfully salvaged 
without additional recurrences.

An emerging body of data suggests that—reminis-
cent to anal cancer treatment—the response to CRT 
in patients with rectal cancer is time-dependent, and 
maximal tumor regression may well take longer than the 
standard 6–8  weeks, especially if consolidation chemo-
therapy is used following CRT [24, 25]. As mentioned 
above, The Timing of Rectal Cancer Response to Chemo-
radiation Consortium in the United States conducted a 
prospective phase 2 trial comparing preoperative CRT 
alone with CRT followed by increasing numbers of con-
solidation chemotherapy cycles (2–6) and thus increased 
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time intervals from CRT to surgery (11, 15 and 19 weeks) 
[24]. The pCR rate of patients treated in study group 1 
was 18% compared with 25%, 30%, and 38%, respectively, 
for study groups 2–4 without an apparent increase in sur-
gical complications. Based on these results, the US organ 
preservation of rectal adenocarcinoma (OPRA) rand-
omized phase 2 trial tested the feasibility of using CRT 
and either induction or consolidation chemotherapy for 
patients with MRI-staged T2-3, N0 or Tany N1-2 rectal 
cancer. First results, presented at ASCO 2020, showed an 
impressive rate of 58% organ preservation at 3 years for 
CRT followed by 4  months of FOLFOX/CAPOX versus 
43% organ preservation for induction chemotherapy fol-
lowed by CRT (p = 0.01) with no differences in DFS (77 
versus 78%, respectively) [176].

Caveats of the NOM
Despite these promising data, further prospective stud-
ies with sufficient patient numbers and follow-up are 
needed to better assess the risk/benefit ratio for patients 
who choose NOM. There have been concerns that indi-
vidual patients might be disadvantaged by the omis-
sion of surgery after being diagnosed with a cCR. First, 
patients with initially resectable tumors might develop 
irresectable regrowth or lesions that require abdominop-
erineal resection while low anterior resection would have 
been sufficient in the first place. The second concern is 
the development of distant metastases that do no longer 
allow curative treatment. While patients need to be 
informed about the still experimental character of NOM, 
the current literature suggest the oncological safety of 
this approach. Of note, clinical examination, endoscopy 
and MRI to identify patients with cCR and to detect local 
regrowth during close follow-up require a high level of 
expertise and should be restricted to centers with special 
experience in multimodal diagnosis and therapy of rectal 
cancer, including NOM.

Conclusion
The role of radiation therapy and the further direction of 
treatment optimization have changed dramatically in the 
recent decade. The initial problem of high local recurrences 
rates after surgery, which prompted the introduction of 
radiation therapy into the treatment algorithm, seems to 
be solved for the vast majority of patients. Due to improve-
ments in imaging and surgical technique we are now fac-
ing the contrast of evaluating the omission of radiation 
therapy in patients with low risk for local recurrence or the 
intensification of neoadjuvant (radiation therapy contain-
ing) approaches aiming at the improvement of oncological 
outcome in high risk patients or even attempting rates of 
complete remissions which allow non-operative organ-
preserving approaches. Several strategies for treatment 

intensification exist, with the TNT approach seeming the 
most promising option due to its improvements not only in 
pCR and downstaging rates, but also in reduction of distant 
failures without distinct increases in treatment-related tox-
icity compared to standard chemoradiation or SCRT with 
adjuvant chemotherapy. Limited (organ-preserving) sur-
gery in patients with good response to neoadjuvant CRT 
seems possible in selected patients but its role needs to 
be clarified in further trials. Preliminary results do further 
suggest, that organ-preserving non-operative approaches 
in patients with clinical complete responses to neoadju-
vant therapy are safe if proper selection and meticulous 
follow-up examinations are performed. Future directions 
may include the development of tools for a more precise 
identification of suitable subgroups and/or the prediction 
of response as well as further treatment intensification by 
combining TNT approaches with intensified concurrent 
chemoradiation approaches.
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