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Introduction

Staging of tum or plays  an im portant role  in de ciding
th e  appropriate  m anage m e nt plan and pre dicting th e
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INTRODUCTION: Re ctal cance r is  am ongs t th e  m os t com m on gas trointe s tinal tum ors . MRI is  re q uire d at
diagnos is  follow e d by w ith  or w ith out ne oadjuvant th e rapy and s urge ry. Accurate  s taging is  not only im portant
for pre dicting prognos is  but als o de te rm ine  th e  ris k  of re curre nce . Inde pe nde nt prognos tic factors  lik e  e xtram ural
invas ion (EMI) into m e s ore ctal fat, e xtram ural vas cular invas ion (EMVI) and circum fre ntial re s e ction m argins  are
als o ve ry im portant and ne e ds  to be  addre s s e d in MRI re ports  as  pre s e nce  of any of th e s e  factors  m ay ch ange
th e  m anage m e nt plan e ntire ly. OBJECTIVE: Th e  purpos e  of th is  s tudy is  to de te rm ine  accuracy of bas e line  MRI
in de te cting e xtram ural tum or e xte ns ion and e xtram ural vas cular invas ion in re ctal tum ors  tak ing path ological
s taging as  gold s tandard. MATERIALS AND METHODS: Th e  s tudy w as  approve d by our ins titutional re vie w
board w h ich  w aive d th e  re q uire m e nt for inform e d cons e nt. Th e  clinical data of all th e  patie nts  tre ate d for re ctal
carcinom a at Sh auk at K h anum  Me m orial Cance r H os pital and Re s e arch  Ce nte r, Lah ore  be tw e e n 1s t De ce m be r
2015 and 30th  Nove m be r 2017 w e re  re tros pe ctive ly e valuate d for th e  pre s e nce  of EMI and EMVI by re ctal
carcinom a on MRI. EMVI w as  th e n grade d ove r 5 point s cale . Findings  of MRI w e re  th e n corre late d w ith  h is tological
findings  and w e re  labe lle d as  pos itive  or ne gative  on th e  bas is  of pe r-ope rative  pre s e nce  or abs e nce  of EMI and
EMVI. RESULTS: 117 patie nts  w e re  include d in th is  s tudy. Out of th e s e  117; 111 patie nts  (9 4.9  % ) re ce ive d pre -
ope rative  ch e m oradioth e rapy. 6 patie nts  (5.1% ) did not re ce ive  pre -ope rative  ch e m oth e rapy and unde rw e nt
upfront s urge ry. On MRI EMVI (m r-EMVI) w as  pre s e nt in 22 (18.8% ) patie nts  w h ile  on path ology it w as  pre s e nt
in 19  (16.2% ) patie nts . A clos e  as s ociation w as  obs e rve d be tw e e n th e  bas e line  m r-EMVI s tatus  and th e  e xte nt
of m e s ore ctal invas ion. Stage  T3c tum ors  w e re  th e  m os t fre q ue nt to pre s e nt EMVI i.e . 54.5%  (12/22). On bas e line
MRI m r-EMVI w as  pre dom inantly pre s e nt in tum ors  locate d in m id re ctum  (86.4% ; 19 /22). EMI w as  als o s e e n
fre q ue ntly in s tage  T3c patie nts  (i-e  45/117;38.5% ). Ove rall MRI accuracy in T3 dis e as e  w as  found to be  76.14% .
CONCLUSION: Bas e line  MRI is  h igh ly e ffe ctive  im aging m odality to e valuate  pre -ope rative  EMI and EMVI in
re ctal cance rs  w h ich  h ave  a s ignificant inde pe nde nt im pact on th e  m anage m e nt plan.
Keywords: Re ctal cance r, Extram ural invas ion, Extram ural vas cular invas ion, M RI.
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outcom e  of th e  dis e as e . Sim ilarly, appropriate  tum or
s taging in cas e s  of re ctal tum or is  vital. Magne tic



Re s onance  Im aging (MRI) is  us ually pe rform e d for
th e  local tum or s taging of re ctal carcinom a due  to its
h igh  re s olution in de picting th e  ch aracte ris tics  and
e xte nt of th e  tum or and its  re lations h ip w ith  adjace nt
vis ce ra and ne urovas cular bundle s .1,2 Extram ural
tum or invas ion (EMI) and Extram ural vas cular invas ion
(EMVI) are  tw o ve ry im portant prognos tic factors
w h ich  inde pe nde ntly pre dicts  th e  local or dis tant
tum or m e tas tas is ,3 re s pons e  to ch e m oradioth e rapy
(CRT) and ove rall s urvival.4,5

Th e  purpos e  of our s tudy is  to ide ntify th e  e ffe ctive ne s s
of re ctal tum or s taging MRI in th e  ch aracte riz ation of
e xtram ural invas ion and e xtram ural vas cular invas ion
as  no s uch  local data is  available  in th e  lite rature .
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tum or w ith in th e  ve s s e l lum e n 3) los s  of vas cular flow
void or contras t e nh ance m e nt. EMVI w as  th e n grade d
ove r 5 point s cale  s ugge s te d by Sm ith  e t al. Findings
of MRI w e re  th e n corre late d w ith  h is tological findings
and w e re  labe lle d as  pos itive  or ne gative  on th e  bas is
of pe r-ope rative  pre s e nce  or abs e nce  of EMI and
EMVI. Th e  corre lation be tw e e n m r-EMVI, de pth  of
e xtram ural invas ion and oth e r clinical factors  w e re
analys e d by Pe ars on Ch i-Sq uare  and Fis h e r’s  Exact
te s t w h e re  appropriate . All s tatis tical analys e s  w e re
pe rform e d us ing SPSS ve rs ion 25.0.

Material and Methods

Th e  s tudy w as  approve d by our ins titutional re vie w
board w h ich  w aive d th e  re q uire m e nt for inform e d
cons e nt. Th e  clinical data of all th e  patie nts  tre ate d
for re ctal carcinom a at Sh auk at K h anum  Me m orial
Cance r H os pital and Re s e arch  Ce nte r, Lah ore
be tw e e n 1s t De ce m be r 2015 and 30th  Nove m be r 2017
w e re  re tros pe ctive ly e valuate d. Only th os e  patie nts
fulfilling th e  inclus ion crite ria w e re  include d in th e
s tudy. Inclus ion crite ria w e re : patie nts  of re ctal carci-
nom a w h o h ave  (1) pre ope rative  bas e line  MRI e xam i-
nation, (2) s urge ry in our h os pital w ith  or w ith out pre -
ope rative  ch e m o-radioth e rapy, (3) availability of
s urgical path ology re s ults  of EMVI, (4) h is topath ology
e valuation in our h os pital. 117 patie nts  w h o fulfille d
th e  inclus ion crite ria w e re  inducte d in th e  s tudy.
MRI im aging w as  pe rform e d at 1.5 Te s la (Ph ilips
Inge nia) and 3.0 Te s la (Sie m e ns  Magne tom  Vida)
s ys te m s . Th e  MRI protocol include d th e  m ultipara-
m e te ric MRI s e q ue nce s  include d DW I and contras t
e nh ance d im age s . Th e  s tandard dos e  of intrave nous
contras t gadobutrol (Gadovis t® ) w as  give n to all
patie nts  (i-e  0.1 m m ol pe r k ilogram  of body w e igh t).
MRI im age s  of th e s e  117 patie nts  w e re  th e n re tros -
pe ctive ly e valuate d by 3 Radiology fe llow s  inde pe n-
de ntly; s upe rvis e d by 1 Cons ultant Radiologis t for
th e  pre s e nce  of EMI and EMVI by re ctal carcinom a
on MRI. All th re e  fe llow s  w e re  blinde d to pre vious
MRI re ports  and s urgical outcom e . Th e  MRI fe ature s
s ugge s ting EMVI w e re : 1) vas cular irre gularity or
vas cular e xpans ion 2) inte rm e diate  s ignal inte ns ity

Results

A total of 117 patie nts  w ith  m e an age  of 62 ye ars
(19 -81 ye ars ) w e re  include d in s tudy. Out of th e s e
117 patie nts  82 w e re  m ale s  and 35 w e re  fe m ale s .
O n h is topath ological e valuation 70 patie nts  h ad
m ode rate ly diffe re ntiate d ade nocarcinom a, 16 patie nts
h ad ade nocarcinom a w ith  s igne t ring m orph ology,
13 patie nts  h ad w e ll diffe re ntiate d ade nocarcinom a,
13 patie nts  h ad poorly diffe re ntiate d ade nocarcinom a
and 5 patie nts  h ad m ucinous  ade nocarcinom a. 111
patie nts  (9 4.9 % ) re ce ive d pre -ope rative  ch e m oradio-
th e rapy. 6 patie nts  (5.1% ) did not re ce ive  pre -ope rative
ne o-adjuvant th e rapy and unde rw e nt upfront s urge ry.
On MRI EMVI (m r-EMVI) w as  pre s e nt in 22 (18.8% )
patie nts  w h ile  on path ology it w as  pre s e nt in 19
(16.2% ) patie nts  (Fig.1a, b). Th is  dis cre pancy m ay
be  e xplaine d due  to tum or s h rink age  in re s pons e  to
pre -ope rative  th e rapy. Statis tically th e re  is  ins ignificant
im pact of pre -ope rative  th e rapy on EMVI w h ich  m e ans
dow ns taging th e  tum or by ne o-adjuvant th e rapy als o
re duce s  th e  e xtram ural vas cular invas ion on path olo-
gical s pe cim e n. A clos e  as s ociation w as  obs e rve d
be tw e e n th e  bas e line  m r-EMVI s tatus  and th e  e xte nt
of m e s ore ctal invas ion. Statis tically s ignificantly m ore
m r-EMVI w as  s e e n in tum ors  of s tage  T3c (5-15 m m )
i.e . 54.5%  (12/22) as  com pare d w ith  th os e  w ith  th e
de pth  of e xtram ural pe ne tration le s s  th an 5 m m
(18.2% ; 4/22) and th os e  w h ich  are  le s s  pe ne trative
tum ors  i.e . < 1m m  (4.5% ; 1/22) (p = 0.000). Th e  loca-
tion of circum fe re ntial tum or w ith in re ctal w all w as
als o found to be  s trongly re late d to th e  pre s e nce  of
EMVI. On bas e line  MRI m r-EMVI w as  pre dom inantly
pre s e nt in tum ors  locate d in m id re ctum  (86.4% ;
19 /22). All MRI fe ature s  are  s um m ariz e d s e e n in
(Tab.1).



Tumor Location

Distal

Mid

Upper

MRI Tumor Stage

T2

T3

T4

Extramural depth of

invasion in T3 & T4 tumor

T3a (<1mm)

T3b ( 1-5 mm)

T3c ( 5-15 mm)

T3d ( > 15 mm)

Mesorectal fascia invo-

lvement by tumor

No

Yes

aAs s ociations  w e re  e xam ine d us ing th e  one -s ide d Fis h e r e xact
te s t.

Imaging Features
No. (%) of Patients

mr-EMVI
Negative

mr-EMVI
Positive

Total
P

39 (33.3%)

49 (41.9%)

07 (6.0%)

04 (3.4%)

91 (77.8%)

00 (0.0%)

29 (24.8 %)

31 (26.5 %)

33 (28.2 %)

02 (1.7%)

14 (12.0%)

81 (69.2 %)

02 (1.7%)

19 (16.2%)

01 (0.9%)

00 (0.0%)

21 (17.9%)

01 (0.9%)

04 (3.4%)

01 (0.9%)

12 (10.3%)

05 (4.3%)

01 (0.9%)

21 (17.9%)

41   (35.0%)

68   (58.1%)

08   (6.8%)

04   (3.4%)

112 (95.7%)

01   (0.9%)

33 (28.2%)

32 (27.4%)

45 (38.5%)

07 (6.0%)

15   (12.8%)

102 (87.2%)

0.010

0.073

0.000

0.279a

Table 1: Com paris on of Im aging fe ature s  of th e  Tum ors  on
Bas e line  MRI W ith  MRI de te cte d Extram ural Ve nous  Invas ion

(m r-EMVI) Status

Preoperative therapy

No

Yes

Tumor grade

No residual tumor

Low

Moderate

High

Histologic tumor stage

No residual

pT1

pT2

pT3

pT4

aAs s ociations  w e re  e xam ine d us ing th e  one -s ide d Fis h e r e xact
te s t.

Pathology-Detected
EMVI Status

No. (%) of Patients

pEMVI
Negative

pEMVI
Positive

Total
P

05 (4.3 %)

93 (79.5 % )

30 (25.6 %)

46 (39.3%)

12 (10.3 %)

10 (8.5 %)

30 (25.6%)

03 (2.6 %)

20 (17.1 %)

43 (36.8 %)

02 (1.7 %)

01 (0.9 %)

18(15.4% )

00 (0.0 %)

06 (5.1 %)

01 (0.9 %)

12 (10.3%)

00 (0.0%)

03 (2.6 %)

0   (0.0 %)

16 (13.7%)

0   (0.0 %)

06   (5.1 %)

111 (94.9%)

30 (25.6 %)

52 (44.4 %)

13 (11.1 %)

22 (18.8 % )

30 (25.6%)

06 (5.1 %)

20 (17.1 %)

59 (50.4 %)

02 (1.7 %)

1.000a

0.000

0.000

Table 2: Com paris on of H is topath ologic Fe ature s  of th e  Tum ors
W ith  Path ology-De te cte d Extram ural Ve nous  Invas ion (pEMVI)

Status
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(06/19 ). In 30 patie nts  (25.6% ) cas e s  no re s idual
tum or w as  de te cte d on h is topath ology afte r pre -
ope rative  ch e m o-radioth e rapy.
Th e  oth e r factor focus e d in s tudy is  to de te rm ine
accuracy of bas e line  MRI in de picting e xtram ural
m e s ore ctal fat invas ion of re ctal tum or. Out of 117

Figure 1a: MRI T2 w e igh te d axial im age  s h ow ing e xtram ural
vas cular invas ion de picte d by los s  of vas cular flow  void w ith
inte rm e diate  s ignal s oft tis s ue  s urrounding ve s s e l lum e n (re d

arrow ).

Figure 1b: MRI T2 w e igh te d s agittal im age  s h ow ing circum fe re ntial
re ctal tum or w ith  tubular s tructure  in pre -s acral s pace  re pre s e nting
involve d ve s s e l; note  th e  involve d m e s ore ctal node  (re d arrow ).

Th e  path ological e xtram ural vas cular invas ion (pEMVI)
s tatus  by tum or location, grade  and T cate gory
analyz e d and can be  s e e n in (Tab. 2). Th e  total of 19
patie nts  (16.2% ) w e re  pEMVI-pos itive , of w h om  18
(15.4% ) h ad re ce ive d pre ope rative  CRT w h ile  in 1
(0.9 % ) unde rw e nt upfront s urge ry and s h ow e d pre -
s e nce  of EMVI (Fig. 2a, b). W e  found th at th e re  w as
s tatis tically s ignificant as s ociation be tw e e n th e  pEMVI
s tatus  and th e  grade  of th e  tum or (p = 0.000). Th e
pEMVI w as  m ore  fre q ue nt in pT3 tum ors  th at include d
16 (13.7% ). H igh  grade  tum or s h ow s  gre ate r ris k  of
EMVI 63.2%  (12/19 ) w h ile  in m ode rate  and low  grade
tum ors  EMVI w as  s e e n in 5.3%  (01/19 ) and 31.6%
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patie nts , 33 w e re  h aving de pth  < 1m m  ( T3a), 32
w ith in 1-5 m m  (T3b), 45 above  5m m  but be low  15
m m  (T3c) and only 7 patie nts  w e re  h aving advance d
dis e as e  w ith  de pth  above  15 m m  (T3d) (Fig. 1c).
Ove rall MRI s h ow e d s e ns itivity of 75.86% , s pe cificity
of 100%  and diagnos tic accuracy of 76.14%  in T3
dis e as e .

Figure 1c: Obliq ue  axial th in-s e ction T2-w e igh te d MR im age s
s h ow ing e xtram ural tum or invas ion. Note  th e  nodular inte rm e diate
s ignal inte ns ity tum or invading th e  m e s ore ctal fat w ith  th e  de pth

of invas ion m e as uring 11.9  m m  (T3c).

Discussion

Re ctal carcinom a is  am ongs t th e  m os t com m on
gas trointe s tinal m alignancie s  w orldw ide 6 w ith  h igh
m ortality rate s  due  to incre as e d ris k  of local re curre nce
and m e tas tas is .7 About 9 8%  of th e  re ctal tum ors  are
ade nocarcinom a on th e  h is topath ology w h ich  us ually
affe cts  e lde r population i-e  > 50 ye ars  w ith  s ligh t m ale
pre dom inance ;7 th e re fore  th e  focus  of th is  article  is
on re ctal ade nocarcinom a be ing th e  m os t com m on
re ctal m alignancy. Patie nts  w ith  re ctal cance r us ually
pre s e nt w ith  s ym ptom s  of painful de fe cation, re ctal
ble e ding and alte re d bow e l h abits .8

Radiological im aging not only plays  a vital role  in th e
s taging of re ctal carcinom a but als o plays  a k e y role
in th e  as s e s s m e nt of oth e r im portant prognos tic
fe ature s  lik e  e xtram ural tum or invas ion (EMI), e xtra-
m ural tum or vas cular invas ion (EMVI).4,9  Us ually,
re ctal tum ors  are  s tage d w ith  MRI follow e d by s urge ry
w ith  or w ith out prior CRT w h ich  de pe nds  on th e  s tage
of dis e as e  and e xte nt of tum or infiltration and late r

Figure 2: A) H is topath ological im age  s h ow ing th ick  w alle d arte ry
(as te ris k ) adjace nt to ve in. EMVI is  pre s e nt in ve in (black  arrow s ),
pe rine ural invas ion is  als o pre s e nt (black  arrow  h e ad). B) Magnifie d
h igh  re s olution vie w  s h ow ing e xtram ural ve nous  invas ion by tum or

ce lls  (w h ite  s tar).

for pos t-ope rative  follow -up or s urve illance  in cas e s
of non-ope rative  approach . Th e re fore , accurate  pre o-
pe rative  tum or s taging is  ve ry im portant as  it w ould
allow  s urge ons  to de cide  appropriate  m anage m e nt
plan i-e  s urgical te ch niq ue  or pre -s urge ry tum or bulk
re duction by ch e m oradioth e rapy.7 MRI s taging of
re ctal cance r com pris e s  of as s e s s m e nt of tum or
location and its  de pth  of invas ion and its  re lations h ip
w ith  adjace nt vis ce ra, ne urovas cular bundle s , le vator
s ling, pe ritone al re fle ction and inte rnal s ph incte r,
nodal involve m e nt, e valuation of m e s ore ctum  and
os s e ous  m e tas tas is . MRI is  als o ve ry s pe cific in th e
de te ction of e xtram ural invas ion into m e s ore ctal fat
and e xtram ural vas cular invas ion.10 EMI is  de fine d
as  an e xte ns ion of tum or be yond m us cularis  propria
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 into th e  m e s ore ctal fat; w h e re as , EMVI is  de fine d as
tum or e xte ns ion along ve s s e ls  in m e s ore ctal fat aw ay
from  tum or its e lf11 and can be  contiguous  or non-
contiguous . Prior s tudie s  h ave  s h ow n th at patie nts
w ith  pos itive  EMVI are  as s ociate d w ith  incre as e d ris k
of de ve loping m e tas tas e s  and local re curre nce .3

Anoth e r s tudy conducte d by Sm ith  e t al. in 2008
s h ow e d th at pos itive  EMVI incre as e s  th e  ris k  of dis tant
m e tas tas is  up to 4 tim e s  and re duce s  3-ye ar s urvival
to 35%  from  74%  in com paris on to EMVI ne gative
patie nts .1 It is  im portant to m e ntion h e re  th at pre -
ope rative  CRT to dow ns iz e  th e  tum or is  als o s igni-
ficantly as s ociate d w ith  ch anging th e  patie nt’s  EMVI
pos itive  s tatus  on bas e line  M RI to ne gative  on
h is topath ology.11 EMVI is  grade d on th e  bas is  of 5
point s cale  in w h ich  s core  of 0-1 is  cons ide re d as
de finite ly ne gative ; s core  of 2 is  cons ide re d e q uivocal
and s core  of 3-4 is  cons ide re d de finite ly pos itive .12

Surgical e xcis ion is  th e  m ains tay of tre atm e nt for
re ctal cance rs  w ith  th e  prim e  goal to ach ie ve  ne gative
re s e ction m argins  and to re duce  ris k  of local re cur-
re nce . Th e re fore , tum ors  are  us ually dow n-s tage d
prior to th e  s urge ry w ith  CRT in cas e s  of advance
tum or.13 Additionally, in re ce nt ye ars  total m e s ore ctal
e xcis ion (TME) is  be ing us e d fre q ue ntly for T2 and
T3 cance rs  as  it h as  be e n re porte d to h ave  re duce d
th e  local re curre nce  and im prove  5 ye ars  s urvival
rate  as  com pare d to conve ntional s urge ry;14 but in
cas e s  of T3 tum ors  circum fe re ntial re s e ction m argin
(CRM) is  anoth e r im portant param e te r to be  e valuate d
prior to s urge ry by MRI; as  pos itive  CRM is  h igh ly
as s ociate d w ith  incre as e d rate s  of pos tope rative
re curre nce ;15 th e re fore , in s uch  cas e s  pre -ope rative
ne oadjuvant tre atm e nt is  re com m e nde d to re duce
ris k  of pos t-ope rative  re curre nce .16 Th e  crite ria for
pre dicting CRM infiltration on MRI w as  firs t e s tablis h e d
by Be e ts -Tan e t al in 2001;17 th e y s ugge s te d th at
dis tance  be tw e e n tum or and m e s ore ctal fas cia of
atle as t 5m m  h e lps  in pre dicting ne gative  CRM of
1m m  on h is tologic e valuation w ith  th e  confide nce  of
9 7% .7 Ne ve rth e le s s , e valuation of CRM by MRI m ay
be  lim ite d by fe w  factors  lik e  in tum ors  of th e  ante rior
re ctal w all due  to poor vis ualiz ation of m e s ore ctal fat
and s k inny patie nts  w ith  ve ry little  pe rire ctal fat.7 On
th e  oth e r h and, patie nts  w ith  T1 cance rs  are  us ually
tre ate d by local trans anal e xcis ion or trans anal
e ndos copic m icros urge ry;18 w h e re as , th os e  w ith  T4
cance r re q uire s  a long cours e  of pre -ope rative  CRT

to dow ns iz e  tum or prior to s urge ry and incre as e
ch ance s  of ge tting ne gative  re s e ction m argins  and
ne gative  EMVI s tatus .19

W e  obs e rve d s e ve ral lim itations  in our s tudy w h ich
ne e ds  to be  cons ide re d. Firs tly, th e  de s ign of th e
s tudy w e  conducte d w as  re tros pe ctive  and s e condly,
th e  num be r of patie nts  w as  lim ite d in our s tudy.

Conclusion

In conclus ion, bas e line  MRI is  h igh ly e ffe ctive  im aging
m odality to e valuate  pre -ope rative  EMI and EMVI in
re ctal cance rs  w h ich  h ave  a s ignificant inde pe nde nt
im pact on th e  m anage m e nt plan.
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