REPORTS OF PRACTICAL ONCOLOGY AND RADIOTHERAPY 22 (2017) 265-276

g REPORTS OF PRACTICAL
= ONCOLOGY AND
RADIOTHERAPY

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: http://www.elsevier.com/locate/rpor i

Original research article

Neoadjuvant chemoradiotherapy of the rectal

4 b
@ CrossMark

carcinoma - The correlation between the findings
on the restaging multiparametric 3T MRI scanning
and the surgical fiindings

Radovan Vojtisek®*, Eva Korédkovd®, Jan Mafan®, Ondfej Sorejs?,

Jindrich Finek“

@ Department of Oncology and Radiotherapy, University Hospital in Pilsen, alej Svobody 80, 304 60 Pilsen, Czech

Republic

b Department of Imaging Methods, University Hospital in Pilsen, alej Suobody 80, 304 60 Pilsen, Czech Republic

ARTICLE INFO

Article history:

Received 14 November 2016
Received in revised form

5 January 2017

Accepted 25 February 2017
Available online 5 May 2017

Keywords:

Rectal carcinoma

Neoadjuvant chemoradiotherapy
3T MRI scanning

Restaging

ABSTRACT

Aim: To figure out how to correlate the findings on functional MRI and carried out after
neoadjuvant CRT of rectal carcinoma with final histology after surgery.
Background: Neoadjuvant CRT is the standard treatment of locally advanced rectal carci-
noma. Its use leads to the downstaging of the disease and in 15-42% of patients even to
the detection of pCR after TME. The use of functional MRI improves the sensitivity and
specificity of pCR detection up to 52-64% and 89-98%, respectively.
Materials and methods: Between January 2013 and June 2016, 67 patients suffering from his-
tologically proven locally advanced rectal cancer underwent neoadjuvant RT or CRT. We
selected for further investigation only patients (33 patients) who underwent pelvic staging
and restaging using multiparametric imaging on 3T MRI scanner. We compared the findings
on functional MRI after neoadjuvant CRT with final histology after surgery.
Results: In 15 patients pathologic staging of primary tumor differed from expected staging
assessed according to preoperative MRIL In 5 patients pathologic complete remission was
achieved. In none of these 5 patients pCR was predicted using preoperative MRI. Sensitivity
and specificity of MRI in predicting pCR were 0% and 96%. Accuracy of MRI in predicting pT
and pN was 79% and 74%.
Conclusions: We have verified that the use of neoadjuvant CRT in the treatment of locally
advanced rectal carcinoma leads to a possible achievement of pCR. But in our group of
patients this was not predictable nor was it with the use of multiparametric 3T MRI.
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* Corresponding author.

E-mail address: vojtisekr@fnplzen.cz (R. Vojtisek).

http://dx.doi.org/10.1016/j.rpor.2017.02.004

1507-1367/© 2017 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.0. All rights reserved.


dx.doi.org/10.1016/j.rpor.2017.02.004
http://www.sciencedirect.com/science/journal/15071367
http://www.elsevier.com/locate/rpor
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rpor.2017.02.004&domain=pdf
mailto:vojtisekr@fnplzen.cz
dx.doi.org/10.1016/j.rpor.2017.02.004

266 REPORTS OF PRACTICAL ONCOLOGY AND RADIOTHERAPY 22 ( 2017 ) 265-276

1. Background

Rectal carcinoma has a relatively high incidence in the
Czech Republic with considerable mortality. In 2013, rectal
carcinoma was diagnosed in our country in 2239 patients
(21.3/100,000), of whom 1075 died (10.23/100,000). Male pop-
ulation is more affected than female population in the ratio
2:1 in these epidemiological indicators.! Worldwide, a total of
746,000 colorectal carcinomas (isolated data on rectal carci-
noma are not available) were diagnosed in men and 614,000 in
women in 2012 that makes this tumor the 3rd and 2nd most
frequent tumor overall.?

Neoadjuvant chemoradiotherapy (CRT) is the standard
treatment of locally advanced rectal carcinoma.>* Its use leads
to the downstaging of the disease and in 15-42% of patients
even to the detection of pathologic complete remission (pCR)
after total mesorectal excision (TME).” Those patients who
achieved pCR after neoadjuvant CRT have longer survival and
lower probability of local and distant recurrences.® Recently,
studies have been published which admit (when clinical com-
plete remission (cCR) is achieved) considering the conservative
approach in the form of a complete omission of surgery, so-
called “watch and wait” strategy (or no immediate surgery),
thus avoiding greater postoperative complications.” However,
the possibility of using this approach is heavily dependent
on the accurate identification of patients who achieve cCR
after CRT. There are several evaluation options — digital rectal
examination, endoscopic examination® or imaging meth-
ods, mostly in the form of endorectal ultrasound,’ PET/CT
examination’®!! and magnetic resonance imaging (MRI) or
PET/MRI. Positive predictive values of these methods regarding
selection of complete responders vary between 17% and 50%
and may lead to an underestimation of the findings.'? Tra-
ditional MRI examination, however, has very low sensitivity
for identifying ypTO stage (19%), because it cannot distinguish
between tumor tissue and fibrotic or edematous tissue after
CRT.® Conversely, the use of functional MRI, such as diffu-
sion weighted imaging (DWI) and dynamic contrast enhanced
MRI (DCE MRI), improves the sensitivity and specificity of pCR
detection up to 52-64% and 89-98%, respectively.'>1*

2. Aim

In our retrospective study, we tried to figure out how to corre-
late the findings on MRI using functional display and carried
out after neoadjuvant CRT of rectal carcinoma with the final
histology after surgery. We also tried to determine the degree
of response to neoadjuvant treatment, especially in terms of
achieving pCR.

3. Materials and methods
3.1. Patients

Between January 2013 and June 2016, 67 patients suffering
from histologically proven locally or locoregionally advanced
rectal cancer underwent neoadjuvant radiotherapy or CRT
at the Department of Oncology and Radiotherapy, University

Table 1 - Patients and disease and treatment
characteristics.

All patients (n=33)

Sex

Male 24 (73%)
Female 9 (27%)
Age at the time of diagnosis (median, range) 63 (25-84)
Histology

Adenocarcinoma 31 (94%)
Adenosquamous carcinoma 1(3%)
Squamous cell carcinoma 1(3%)
Stage

I 2 (6%)

1 7 (21%)
111 24 (73%)
v 0
Radiotherapy technique

3D CRT 13 (40%)
IMRT-SIB 20 (60%)
Concomitant chemotherapy 29 (88%)

3D CRT, 3D conformal radiotherapy; IMRT-SIB, intensity modulated
radiotherapy - simultaneous integrated boost.

Hospital in Pilsen. From this cohort, we selected for fur-
ther investigation only patients who underwent pretreatment
pelvic staging and subsequent restaging after completed CRT
using multiparametric imaging on 3T MRI scanner, and where
complete documentation was available, including surgical
protocol and definitive histological examination. 33 patients,
who had been treated at our department between June 2013
and June 2016, met these assumptions (see details in Table 1).
All patients signed an informed consent.

3.2 Neoadjuvant treatment

All the patients underwent planning contrast pelvic CT exam-
ination while occupying, also during treatment, the supine
position with their arms on the chest. Contouring of target vol-
umes (GTV, CTV, PTV) and organs at risk (bladder, small bowel,
femoral heads) was carried out according to the recommen-
dations of ICRU Reports 50> and 62.'° During radiotherapy
planning we used either 3D conformal radiotherapy with the
shrinking field technique, or intensity modulated radiother-
apy (IMRT) with the technique of simultaneous integrated
boost (SIB). We used two planning target volumes: PTV1 -
pelvic area and PTV 2 - tumor, mesorectum, presacral area.
The fractionation regimens used differed according to the
technique: 45 Gy plus 5.4-9 Gy boost in 1.8 Gy per fraction in 3D
conformal radiotherapy and 45/50 Gy in 1.8/2 Gy per fraction in
IMRT-SIB. In 29 patients (88%) radiotherapy was concurrently
combined with chemotherapy (capecitabine 825 mg/m? orally
twice a day throughout treatment) (see details in Table 1).

3.3. MRI examination
All pretreatment (staging) and preoperative (restaging) MRI

examinations were carried out at the Department of Imaging
Methods at the same hospital using 3T MRI scanner Magnetom
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Table 2 - Characteristics of the MRI sequences used in
this study.

Type of the sequence Plane Contrast agent
T2 TSE AX, SAG, COR No
T1 TSE FS AX No
DWI AX No
T1 vibe dynam. AX Yes
T1TSEFS AX Yes

TSE, turbo spin echo; FS, fat suppression; DWI, diffusion weighted
imaging; AX, axial; SAG, sagittal; COR, coronal.

Skyra (Siemens, Erlangen, Germany) in the whole-body coil,
without any prior rectal preparation. Native and postcontrast
examinations after the administration of the paramagnetic
contrast medium Dotarem (acidum gadotericum, Guerbet,
France) in the amount of 0.2 ml/kg were carried out (see details
in Table 2). Restaging MRI examination was standardly carried
out 4-6 weeks after the neoadjuvant treatment completion.

In the beginning, the size of the tumor and its relation-
ship to surrounding structures were evaluated and also the
presence and the size of the nodes were assessed. On DWI
the diffusion of water molecules in the extracellular space
was evaluated. In tumor the tissue cells multiply and enlarge,
which causes reduction of extracellular space and limits the
diffusion of water molecules. There is a so-called restriction.
Diffusion was evaluated either semiquantitatively using maps
of apparent diffusion coefficient (ADC) or quantitatively using
measurement values. Data obtained from DCE MRI were eval-
uated using pharmacokinetic analysis (PKA) with the help of
software package Tissue 4D (Siemens, Erlangen, Germany). A
two-compartment plasma/tissue system was used. The prin-
ciple of PKA is the evaluation of contrast agent displacement,
which moves together with the fluid between intravascular
(blood plasma) and extracellular extravascular space in the
assessed tissue. There were four basic parameters evaluated:
volume transfer constant (K2"S), rate constant (Kep), elimi-
nation constant (Ve) and initial area under the curve (iAUC).
Further, the saturation curve was evaluated from the dynamic
data and its form was either malignant or benign.

In restaging examination the tumor morphology and the
nodal status were assessed, and the complete data set of DWI
and PKA was again evaluated as in the pretreatment exami-
nation. Obtained values were mutually compared, enabling us
to get more information about the behavior and the status of
tumor tissue after the treatment.

3.4. Surgery

According to our institutional standards, the definitive surgery
was planned 6-8 weeks after the neoadjuvant treatment com-
pletion and always after restaging MRI examination. Surgeries
were performed in 31 patients (94%) of TME, which was part of
low anterior resection in 17 patients (52%) and abdominoper-
ineal amputation of the rectum in 14 patients (42%). In one
patient (3%) TEM (transanal endoscopic microsurgery) exci-
sion was performed and one patient (3%) was only further
observed.

4, Results

4.1.  Treatment response according to restaging MRI
examination

Based on the evaluation of treatment response after neoad-
juvant treatment according to restaging MRI examination, 16
patients (48%) were downstaged in the T category. In 2 patients
(6%) the findings were assessed as cCR, i.e. ycTO.

22 (92%) of 24 patients with initial nodal involvement (cN1-
2) were downstaged in the N category. And in 21 patients
(86%) the nodal involvement status after neoadjuvant treat-
ment was assessed as ycNO. 30 patients (91%) were assessed
as ycNO after neoadjuvant treatment, i.e. including those who
were initially assessed as cNO.

4.2. Correlation between the findings on the restaging
MRI examination and the surgical findings

32 patients (97%) underwent surgery procedure after neoad-
juvant treatment. The median period from neoadjuvant
treatment completion to surgery was 8 weeks (the range 3-17
weeks). The median period between restaging MRI and surgery
was 4 weeks (the range 1-14 weeks).

Pathologic classifications were as follows: ypTONO in 5
patients (16%), ypT1-2NO in 15 patients (47%), ypT3-4NO in 5
patients (16%) and any ypT with N+ in 7 patients (22%).

In 15 patients (47%) the final histology (pathologic staging)
of primary tumor (T category) differed from expected staging
assessed according to preoperative MRI. In 9 patients (28%)
pathologic staging in the T category was lower than staging
according to MRI (3x ycT3 vs. ypT2, 4x ycT2 vs. ypTO, 1x ycT2
vs. ypT1, 1x ycT1 vs. ypT0), and in 6 patients (19%) patho-
logic staging was higher (5x ycT2 vs. ypT3, 1x ycTO vs. ypT2).
Pathologic staging of primary tumor remained unchanged in
17 patients (53%) compared with preoperative MRI staging.

With regard to the N category, the final histology differed in
only 6 patients (19%) in comparison with preoperative MRI. 1
patient (3%) was postoperatively downstaged (ycN1 vs. ypNO),
and 5 patients (16%) were postoperatively upstaged (all ycNO
vs. ypN1). See details in Table 3.

4.3. Clinical and pathologic complete remission

In 5 patients (16%) the pathologic complete remission was
achieved. In none of these 5 patients pCR was predicted using
preoperative MRI (4x ycT2NO, 1x ycT1NO). The median period
between restaging MRI and surgery in this group of patients
with pCR was 4 weeks (the range 2-8 weeks).

Only in 2 patients (6%) the treatment response was
assessed as cCR (ycTONO) according to preoperative MRI. In one
case the response was underestimated, because the postop-
erative pathologic staging was ypT2NO, and in the latter case
the patient was further observed on a “watch and wait” basis.
See details in Table 3.

Sensitivity and specificity of MRI examination in predicting
pTO, pNO and pCR and its diagnostic accuracy are separately
shown in Table 4.
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Table 3 - Detailed characteristics related to the changes of the staging and the therapeutic procedures of each patient.

89¢

Patient (no.) Sex (M/F) Age Grade Pre-CRT stage Post-CRT stage Pathological stage RT technique CT (Y/N) Surgical procedure Notes

1 M 67 1 T3N1 T3NO T2NO 3D CRT Y LAR

2 M 65 1 T3N1 TINO TONO 3D CRT Y APR pCR

3 F 66 1 T2N2 T2NO T2NO IMRT-SIB Y LAR

4 M 63 2 T3NO T3NO T3NO 3D CRT Y LAR

5 M 63 2 T3NO T2NO TONO IMRT-SIB Y APR Squamous cell
carcinoma; pCR

6 M 63 2 T3N2 T2NO T2NO 3D CRT Y LAR

7 M 63 X T4bN1 TONO T2NO IMRT-SIB Y LAR

8 F 59 X T2N1 T2NO TONX IMRT-SIB Y TEM pCR

9 M 58 2 T3N1 T3NO T2NO 3D CRT N LAR

10 M 60 2 T3N2 T2NO T3N1 3D CRT Y LAR

11 F 59 2 T3N2 T2N1 T3N1 IMRT-SIB Y LAR

12 M 59 2 T2N1 T2NO T2NO IMRT-SIB Y APR

13 M 55 3 T3N1 T3N1 T3N1 3D CRT Y LAR

14 M 56 2 T4bNO T2NO T2NO IMRT-SIB Y APR

15 F 51 2 T3N1 T2NO T1NO IMRT-SIB Y APR

16 F 51 1 T3N1 T1NO TINO IMRT-SIB Y LAR

17 M 44 2 T2N1 T2NO TONO IMRT-SIB Y LAR pCR

18 M 42 3 T3N1 T2NO T2NO IMRT-SIB Y LAR

19 F 43 3 T4bN2 T2NO TONO IMRT-SIB Y APR Mucinous
adenocarcinoma;
pCR

20 M 41 1 T2N1 T2NO T3N1 IMRT-SIB Y LAR

21 M 37 1 T3NO T3NO T3NO 3D CRT Y LAR

22 M 84 3 T2NO TONO - IMRT-SIB N - Adenosquamous
carcinoma;
“watch and wait”

23 M 79 2 T2NO T2NO T2NO 3D CRT N APR

24 F 71 3 T3N2 T3NO T3N1 3D CRT Y APR

25 M 71 2 T3N1 T3NO T3N1 IMRT-SIB Y APR

26 M 68 2 T3N1 T3NO T3NO 3D CRT Y APR

27 B 69 2 T3NO T2NO T3NO IMRT-SIB Y LAR

28 M 68 2 T3N2 T2NO T2NO IMRT-SIB Y APR

29 M 68 2 T3NO T3NO T2NO 3D CRT Y APR

30 M 52 2 T4aN2 T3NO T3N1 IMRT-SIB Y LAR

31 F 25 3 T3NO T2NO T3NO IMRT-SIB Y APR

32 M 80 1 T2N2 T2NO T2NO IMRT-SIB N APR

33 M 70 1 T2N1 T2N1 T2NO 3D CRT Y LAR

Pre-CRT, pre-chemoradiotherapy; post-CRT, post-chemoradiotherapy; IMRT-SIB, intensity modulated radiotherapy-simultaneous integrated boost; 3D CRT, three dimensional conformal radiotherapy;
LAR, low anterior resection; APR, abdominoperineal resection; pCR, pathological complete regression.

9[34593 ([ I0 Z) ¢ T AdVYIHLIOIAVY ANV ADOTODNO TVIILLOVYd 40 S1J0dId
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Table 4 - Sensitivity and specificity of MRI examination

in predicting pTO, pNO and pCR and its diagnostic
accuracy.

Pathologic findings Sensitivity Specificity
pTO 0% 96%
pNO 9%6% 29%
pPCR 0% 96%
Diagnostic accuracy of preoperative MRI

pT stage 79%

PN stage 74%

PCR, pathologic complete remission.

5. Discussion

Advances in imaging methods, surgery, radiation and clinical
oncology in recent decades have brought significant improve-
ments in treatment outcomes in patients with rectal cancer.
The choice of treatment strategy of localized rectal carcinoma
is based on clinical examination, together with endoscopic
examination, MRI and endorectal ultrasound, and currently
follows the recommendations of ESMO (European Society for
Medical Oncology) and NCCN (National Comprehensive Can-
cer Network).”~¥ Neoadjuvant CRT is the standard treatment
of locally advanced rectal carcinomas, especially based on
the results of the work of the German Rectal Cancer Study
Group, first published in 2004° and after prolonged follow-up
also in 2012.* In this study, the group with preoperative CRT
was found to show a significant decrease of local recurrences

(6% vs. 13%; p=0.006), higher number of sphincter sparing
surgery for low seated tumors (39% vs. 19%; p=0.004) and a
lower toxicity profile.>* Accepted standards for neoadjuvant
treatments allow the use of accelerated schemes (5 fractions)
with immediate surgery or normofractionated radiotherapy
combined with fluoropyrimidine based chemotherapy and
followed with surgery after 6-8 weeks.’®?° Normofraction-
ated neoadjuvant CRT has higher number of pCR rates and a
lower number of positive circumferential margins than accel-
erated radiotherapy.”’ For sensitization either intravenous
5-fluorouracil or its oral pro-drug capecitabine may be used
with the same effect in terms of pCR, early local recurrences
or DFS.??

The use of neoadjuvant CRT leads to the downstaging of
the disease and in 15-42% of patients even to pCR after TME.
Generally, any response to treatment is a kind of an early indi-
cator that correlates with the results of treatment.? Patients
who achieved pCR after CRT have the longest survival and the
lowest likelihood of local and distant recurrences.>® In our
retrospective study, the downstaging evaluated by MRI was
achieved in 16/33 patients (48%) in the primary tumor area
and in 22/24 patients (92%) in the area of nodal involvement.
After final surgery with TME, pCR was described in 5 patients
(16%), which is an amount that is consistent with the litera-
ture. One patient was even initially classified as cT4bN2 and
after neoadjuvant treatment as ycT2NO. The remaining four
cases were initially classified as cT3N1, cT3NO and 2x cT2N1.

The fact that patients who achieved pCR have a better
prognosis than those with residual finding leads logically to

Fig. 1 - 71-year-old man with the carcinoma of the middle rectum. The baseline examination. A — T2W, axial plane; the
tumor is on the right and posterior wall and invades the serosa, T3aN2MO0. B - ADC map; the restriction of diffusion is
clearly seen in the tumor site. C - the color map of K*a"$ parameter; the increased value (red and yellow color) is seen in the

tumor site. D - the saturation curve; the malignant form.
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Fig. 2 - The same patient as on Fig. 1. There are signs of good treatment response. A - T2W, axial plane; the narrowing of
the rectal wall. B - ADC map; the disappearance of the restriction of diffusion. C - the color map of K*3"S parameter; the
decreased value is seen in the tumor site (red and yellow colors disappeared). D - the saturation curve; the benign form.

even greater efforts to achieve pCR. One option is to extend
the interval between neoadjuvant therapy and surgery. Sev-
eral studies have clearly shown that patients who underwent
surgery more than 7-8 weeks after completion of neoadjuvant
therapy achieved more pCRs than those who had their surgery
earlier.”*?’ The most appropriate timing for surgery should
be balanced between the period of the maximal response of
the tumor, the time of the beginning of cancer cells repop-
ulation and the time when tissue changes occur (swelling,
fibrotic changes) affecting postoperative morbidity, i.e. in the
range of 7-10 weeks.?® In our group the median time from the
completion of neoadjuvant therapy to surgery was 8 weeks,
most patients were operated in the range of 6-12 weeks. One
patient underwent surgery after 17 weeks from completion
of neoadjuvant therapy because of heart failure just prior to
surgery.

Good long-term results of treatment can nevertheless
result in significant symptoms of postoperative morbidity
such as prolonged urinary and sexual problems, fecal inconti-
nence with frequent need of temporary or permanent stoma.
In these cases, the strategy of “watch and wait” can be an alter-
native that can help avoid more postoperative complications.’
In 2006 the study by Brazilian authors Habr-Gama et al.>* was
published describing the cohort of 361 patients with rectal
carcinoma cT2-4NO-1 achieving sustained cCR in 99 patients
(27%) after neoadjuvant CRT. Sustained cCR was defined as the

absence of residual ulceration, stenosis or tumor mass in the
rectum evaluated by DRE or proctoscopy more than 12 months.
Only in 5 patients (5%) endorectal recurrence occurred after
18, 43, 56, 64 and 79 months of follow-up, whereas 7 patients
(7%) experienced distant recurrence, 5-year disease-free sur-
vival (DFS) was 85% and overall survival (OS) was 93%. In
2011, Maas et al.>! published a retrospective study, which
included 192 patients with rectal carcinoma cT1-3N0-2, who
were treated with neoadjuvant CRT. Of this group, 21 patients
(11%) achieved cCR and were followed up on a “watch and
wait” basis. Criteria of cCR were extended to evaluation by MRI.
At a median follow-up of 25 months endorectal recurrence
appeared only in one patient who subsequently underwent
TEM excision of this recurrence. Control group for compari-
son consisted of 20 patients achieving pCR after TME. 2-year
OS and DFS in the “watch and wait” group were 100% and 89%,
respectively; and in the control group, 91% and 93%, respec-
tively. These studies show that proper evaluation of cCR and
tight follow-up enable careful monitoring of patients, who
can avoid immediate surgery and still have good therapeutic
results. This conservative approach is very useful especially
for elderly patients and for those with severe comorbidities.
But this approach requires cCR to be precisely identified by
the clinical and radiological signs.

The current effort is correct and accurate assessment
of cCR after neoadjuvant treatment. There are several
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Fig. 3 — 45-year-old woman with the carcinoma of lower and middle rectum. The baseline examination. A, B - T2W, axial
and sagittal plane; the circularly growing tumor infiltrating the rectovaginal septum and musculus levator ani with mucin
deposits (white arrow) prominent dorsally left, T4bN2. C - the tumor does not show typical restriction of diffusion, in
mucinous component is increased diffusion. D - only little increasing values of K" parameter, in mucin area they are
unmeasurable (transparent arrow). E - the saturation curve does not have typoval malignant shape, in mucin area there is a

poor saturation (mucin - yellow color).

possibilities of assessment. Firstly, there is DRE, in which cCR
is assessed as the absence of any irregularity of the rectal wall
and the surface must be regular and smooth. It is also very
important endoscopic evaluation in which no residual tumor
mass, ulceration or stenosis should be present.® Regarding
imaging methods, high frequency 3D endorectal ultrasound
can also identify residual tumor and complete response with
a high degree of reliability, although the findings should be
evaluated comprehensively with other imaging methods and
endoscopy.’ On the other hand, the position of PET/CT in
the evaluation of complete remission is not yet entirely clear.
Some studies have reported relatively good accuracy, e.g. Perez
et al.!? indicate the accuracy of 85%, while Guillem et al.'! in
their prospective study describe that only 54% of patients with
PCR were classified as cCR on preoperative PET scan and only
19% on CT scan.

MRI examination is important for the staging of patients
with rectal cancer. Sensitivity and specificity for evalua-
tion of T staging is 81-92% and 68-80%, respectively.? MRI
shows 92% specificity in predicting negative circumferential

margins, which is the only preoperative parameter signif-
icant for overall survival, disease-free survival and local
recurrence.?® For evaluation of anatomical proportions mainly
T2-weighted images without fat signal suppression in three
dimensions are used, which allow a good resolution of each
structure, especially the external boundary wall of the rectum
and the relationship of the tumor to the surrounding struc-
tures. MRI is the only method able to assess the relationship
of the tumor mass to mesorectal fascia, whose intactness is
an indicator of the possibility to perform RO surgery. Each
node measuring 5mm or more in its short axis is consid-
ered to be a pathologically enlarged node in the perirectal fat
tissue. However, studies show that the size of the nodes is
just tentative and it cannot clearly indicate the presence of
metastases. Micrometastases may occur in very small nodes,
while nodes larger than 5mm may be without the evidence
of the tumor. Among the parameters indicative of lymph
node involvement are irregular edges, and mixed signal inten-
sity, but not the size criteria.>* MRI can assess the status
of nodes in the entire mesorectum and in the entire pelvis,
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Fig. 4 - The same patient as on Fig. 3. The posttreatment examination. A, B - minimal change of the size, mucin deposits
are unchanged. C - no restriction of diffusion as on baseline examination. D - unchanged finding on color maps of Kans
parameter. E - the saturation curves with no change, it does not have malignant shape (mucin - yellow color; muscle - blue

color). (Nevertheless histologically pTONO.)

unlike endoultrasound that can assess only perirectal nodes.>®
Regarding nodal staging, sensitivity of MRI is 77% and speci-
ficity 60%.'* Morphological MRI has, in the process of restaging
after neoadjuvant treatment, low sensitivity and specificity for
the identification of pTO finding (19% and 94%, respectively),
which is due to the limited ability to distinguish between
peritumoral fibrosis, desmoplastic reaction, edema or tumor
residue after CRT.?>3® The tumor cannot change the size after
treatment, the change occurs only in its structure. The neg-
ative predictive value of MRI in the evaluation of residual
nodal involvement, necessary to consider the possibility of the
“watch and wait” approach, is 81-100%.%”

Accuracy of the evaluation of residual tumor and nodal
involvement using morphological MRI was explored for exam-
ple by Kulkarni et al>®* On a group of 80 patients with
locoregionally advanced rectal carcinoma, who underwent
neoadjuvant CRT followed by surgery, they tried to determine
the accuracy of the evaluation of categories yT and yN. Thus,
they compared the identified stages ycT and ycN versus ypT
and ypN. Accuracy of the evaluation of the T category was 43%
(34/80), in 38% of patients were found to be overstaged and 20%
were found to be understaged. Accuracy of the evaluation of
the N category was 78% (62/80), 4% of patients were found to be
overstaged, while 19% were found to be understaged. In a simi-
lar study, Suppiah et al.>° described a group of 49 patients with

locoregionally advanced rectal carcinoma with the accuracy of
the evaluation of the T category being 45% (22/49). Overstag-
ing on MRI was found in 33% of patients and understaging in
22%. Accuracy of the evaluation of the N category was 71%
(35/49) with 82% sensitivity and 68% specificity. Positive pre-
dictive value was 43% and negative predictive value was 93%.
Pathologic CR was reported in 10% (5/49), wherein only one of
these patients was reported as ycCR.

Lately, there are efforts to obtain further information about
the nature and behavior of the tumor. This is facilitated by the
inclusion of new investigative modalities, such as DWI and
DCE MRI with PKA (Figs. 1 and 2).*° Using the functional MRI
has improved sensitivity and specificity in the detection of
PCR-DWIincreased accuracy in the detection of viable tumor
cells from 64-76% to 86-90%.'* One of the largest studies on
this topic was a multicenter study published in 2011 by Lam-
bregts et al.'> The authors describe a group of 120 patients
who received neoadjuvant CRT for locally advanced rectal car-
cinoma, improving the accuracy of detection of pCR by adding
DWI to T2-weighted sequences. Sensitivity of DWI for selec-
tion of complete responders was 52-64% (compared to 0-40%
for only T2-weighted images), and specificity was in both cases
89-98%. Still, suboptimal sensitivity values may be due to the
fact, that if the signal in the rectal wall is not fully suppressed,
which happens frequently when the rectal wall is collapsed,
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Fig. 5 — 62-year-old man with the carcinoma of the lower rectum. The baseline examination. A - T2W, axial plane; the
circularly growing tumor infiltrating the prostate (white arrow), T4bN1. B - the restriction of diffusion on ADC map. C - the
increased values of K"@"$ parameter are shown in red. D - the saturation curve has malignant shape.

high signal at the site of the original tumor may be erroneously
interpreted as residual tumor.

In our cohort of patients the accuracy of evaluation of resid-
ual tumor and nodal involvement was 53% (17/32) and 84%
(27/32), respectively. Among inaccurately assessed patients,
the overestimation of the T category on MRI occurred in 5
cases after treatment (4x ycT2, 1x ycT1) in those patients
who had no evidence of the presence of viable tumor tissue
in the final histology (ypTO). Decision on complete response
to treatment is, despite a number of additional information
that we get using multimodal MRI, very difficult. All overesti-
mated patients had one of the complicating findings. In one
patient, there was poor DWI on restaging examination, data
were not evaluable. 3 patients had inflammatory changes of
the base of the tumor after irradiation. Inflammation in the
tissue causes, by the multiplication of blood vessels and by the
increasing of wall permeability, the increase of transfer of fluid
between compartments and thus causes the changes in PKA
maps that mimic the tumor. One patient had mucinous type
of carcinoma. In this type of carcinoma, there is an increased
amount of mucin in the tumor tissue, which imitates the fat on
MRI and, hence, it is hyperintensive on T2- and T1-weighted
images (Figs. 3 and 4). On DWI, increased diffusion of water
molecules occurs in mucin deposits and therefore restriction
of diffusion, typical for high-cell tumor tissue, is missing. The
move of contrast agent between compartments is not evalu-
able and PKA maps show outages in the site of mucin deposits.

Changes after treatment in the mucinous tumor can be eval-
uated only from standard images, the use of other data from
multimodal MRI has no sense for the aforementioned reasons.
In one case there was an underestimation of the T stage, on
MRI a complete response to treatment (ycTO) was reported.
The final histology revealed the presence of viable tumor cells
only in tunica muscularis propria, in the rest of the speci-
men there was a good response to treatment, classified as
ypT2 (Figs. 5 and 6). Given the distinctiveness of MRI, currently
it is impossible to distinguish a small tumor residue, espe-
cially in the surface wall portion, without involvement of the
mucosa.

As part of the assessment of our patients using multi-
parametric MRI. We used, as we already mentioned, PKA,
which seems to be a very promising method, but so far lit-
tle researched. Its evaluation and comparison of results before
and after treatment provides additional information about the
internal structure of the treated tumor and thus it could dis-
tinguish patients who responded well to treatment from those
with alarge tumor residue. And its potential in terms of predic-
tion of significant therapeutic response is so far inconclusive.
In several studies a high value of the K" parameter on pre-
treatment MRI is associated with a significantly higher chance
of achieving downstaging and pCR.*"*? Conversely, in the
study by Kim et al.*® this assumption was not confirmed, Ktans
value on the pretreatment MRI did not differ in patients with
different therapeutic responses. Korcakova et al.** assessed
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Fig. 6 - The same patient as on Fig. 5. The posttreatment examination. A - the reducing tumor size, no signs of serosa
penetration. B - the disappearance of the restriction of diffusion. G - the decreasing values of K'@"S parameter. D - the
saturation curve has benign shape. (Uncaught little bearing residue of viable tissue in the muscularis propria layer.)

in their study the treatment response of rectal carcinoma to
neoadjuvant treatment in 22 patients using multiparamet-
ric MRI. Patients were divided into two groups — responders
(good response to treatment, i.e. T stage decreased between
baseline MRI and histologically identified tumor stage after
surgery) and nonresponders (poor response to treatment).
Comparing pharmacokinetic parameters and ADC values from
the baseline MRI within the group of responders and non-
responders, statistically significantly lower value was found
only for the parameter Ve in the group of responders; the
differences in all other parameters were not statistically sig-
nificant. Comparing the results of the baseline examination
with examination after treatment separately in the group of
responders and nonresponders, in the group of responders
statistically significant changes were found in values ADC,
Ktrans K., and iAUC. In the group of nonresponders, a statis-
tically significant difference was found only in the parameter
Ve. In other words, currently, it is not possible to determine
from the baseline examination the patients who will respond
well to neoadjuvant treatment. But it seems that, based on the
comparison of results of PKA and ADC values from baseline
and posttreatment MRI, it is possible to determine, whether
the patient responded well to treatment and it is expedi-
ent to consider less radical surgery or the “watch and wait”
approach.

6. Conclusions

We have verified that the use of neoadjuvant chemoradiother-
apy in the treatment of locally and locoregionally advanced
rectal carcinoma leads to a possible achievement of pathologic
complete remission. In our group of patients this was not pre-
dictable nor was it with the use of multiparametric 3T MRIL
On the contrary, two expected complete responses according
to MRI were not subsequently histologically confirmed in one
case, and in the latter case the surgery was not performed.
Currently, we cannot consider restaging multiparametric
MRI examination after neoadjuvant chemoradiotherapy as
sensitive enough to predict pathologic complete remission.
Therefore, it is advisable to consider a conservative approach
in on a “watch and wait” basis only in patients of advanced
age or in patients with high surgical risk, who achieved the
clinical complete response according to MRI. Multidisciplinary
approach in the treatment of rectal carcinoma requires close
collaboration of surgeons, medical and radiation oncologists,
radiologists and pathologists.
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