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ABSTRACT

Aim. To conduct a clinical and morphological assessment of the characteristics of colon cancer depending on the

dMMR / pMMR status of the tumor.

Materials and methods. A retrospective study included 66 patients with operable colorectal cancer (CRC)
M), who were treated at Cancer Research Institute of Tomsk National Research Medical Center (NRMC).
The average age of the patients was 64.4 + 12.8 years. All patients underwent hemicolectomy or colon resection, as

(T

1-4bN0-2b

well as intraoperative resection of distant metastases, if present.

Results. We determined that in CRC patients with pMMR tumors, hematogenous metastases were detected in
27.3% of cases, while in patients with AMMR tumors, hematogenous metastases were detected only in 6.1% of
cases (p =0.021). A comparative analysis of AMMR and pMMR tumors also allowed to establish higher frequency
of perineural invasion among the pMMR subgroup of carcinomas (p = 0.039). The sign of tumor budding was
found both in dMMR carcinomas (36%) and in pMMR tumors (45%). This sign was associated with damage to
regional lymph nodes (p = 0.0017). A more detailed analysis of the tumor budding phenomenon showed that in
dMMR tumors, Bd1 low-grade budding (83%) predominated. In pMMR tumors, Bd2 intermediate-grade budding
(33%) and Bd3 high-grade budding (26.7%) prevailed. Bd2 and Bd3 tumor budding types were associated with

hematogenous metastasis (p < 0.001).

Conclusion. The obtained data demonstrate the differences in such pathomorphological parameters as perineural
invasion and the degree of tumor budding depending on the AIMMR / pMMR status of the tumor. These histologic
parameters in tumor tissue are also associated with higher incidence of distant metastasis in patients with pMMR

carcinomas as opposed to patients with dAIMMR tumors.
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KnuHuko-natonornyeckne oCO6eHHOCTN paKa TONICTON KNLLIKKN
B 3aBucumoctu ot dMMR craTtyca onyxonm

Haymos C.C.', Kpaxmanb H.B."2, TapacoB M.H.?, TapaHeHko M.U.2, YayT E.B.’,
Kono6oBHukosa [0.B.", BropywuH C.B."?

I Cubupckuii 2ocyoapcmesennviti meouyunckuil yrusepcumem (Cubl MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

2 Hayuno-uccneoosamenvckuil uncmumym (HUH) onxonoeuu, Tomckuil HayuOHAnbHbLI UCCICO008AMENbCKULL
meouyunckuil yenmp (HUML]) Poccutickou akademuu Hayk
Poccus 634009, e. Tomck, nep. Koonepamusnviii, 5

PE3IOME

Heas. [IpoBecTr KIMHAKO-MOP(HOTIOTHIECKYIO OLIEHKY 0coOeHHOCTeH paka Tosictoit kumuku (PTK) B 3aBucHMocTH
or dAMMR/pMMR cratyca.

MatepuaJbl 1 MeTOAbI. B nccienoBane peTpocreKTUBHO BKIIOYEHO 66 manueHToB ¢ onepadensHsiM PTK T1-
4bN0-2bM 1, npomemmux neuenne B HUM onkonorun Tomckoro HUMLI. Cpennuii Bo3pacTt G0IBHBIX COCTABHI
64,4 + 12,8 roga. Bcem nanneHTam BBIIOJIHEHO ONIEPATUBHOE JICUCHHE B 00bEME TEMUKOIIKTOMUY W PE3EKLIUH
KHUIIKH, @ TAKXKE HHTPAOTICPALIMOHHAS PE3CKIMS OTAAICHHBIX METACTAa30B IPU UX HATHMYUH.

PesyabTathl. YcraHosieHo, uto y nanueHToB ¢ PTK u pMMR cratycoM remaroreHHsle MeTacTasbl OIpeiess-
mmck B 27,3% citydaeB, B To BpeMs Kak y nanueHtoB ¢ dMMR cratycom remMaTtoreHHble MeracTasbl ObUIH 00-
Hapy>)keHbI JIUmb B 6,1% ciaydaes (p = 0,021). CpaBHuTenbHbIH anamu3 omyxoieil ¢ dAMMR u pMMR cratycom
TAKOKe TIO3BOJIMIT YCTAHOBUTH OOJIBIIYIO YAaCTOTY HAaJMYMS NIEPUHEBPAIBHOI OIMyXoseBoi MHBa3uu cpex pMMR
noarpynmsl kapuuaoM (p = 0,039). IIpu3HaK «OmyXoJeBOoro NOYKOBaHHD) ObUT OOHAPYXKEeH KaK B KapIMHOMAX C
nedurmTom 6enKkoB MucMaTd penapanuu (36%), Tak U B POQUIUTHBIX omyxouisix (45%). JlaHHBIH npu3HAK OBLT
CONPSDKEH € MOpakKeHHEeM perHOHapHBIX nMdaTrdeckux y3i1o0B (p = 0,0017). Bonee netanpHblii aHann3 GeHOMeHa
«OITyXOJIEBOTO MOYKOBAHHSD» I0Ka3aj, YTO B OMYyXOJUIX ¢ Je(UIMTOM OENKOB MHCMAaTd perapanuy npeodiana
nepBbIi Tun moukoBanus (Bdl) low grade — Hu3koii crenenn — (83%), B TO BpeMst Kak IPOQHUIUTHBIE OIyXOIH
XapaKTepH30BaINCH NTPpeodiaJanueM o4YKoBaHus Broporo tuma (Bd2) — intermediate grade — ymepeHHo# cTeneHu
(33%) u (Bd3) — high grade — Bbicokoli crenienu (26,7%). @eHOMEH «oMmyXxoieBoro noukoBanus» Bd2 u Bd3 Obin
COMPSDKCH C TeMaTOreHHBIM MeTacTasupoBanueM (p < 0,001).

3akaouenne. [TomydyeHHbBIC TaHHBIC IEMOHCTPUPYIOT PA3JINYHS IT0 TAKUM ITaTOMOP(OIOTHISCKHM MapaMeTpam,
KaK TIepUHEBpaIbHAsl HHBA3Hs U CTEIIEHb «OITyX0JICBOTO MOYKOBaHMsD» B 3aBucuMocTi oT AMMR/pMMR cratyca
KapIHOMBI. J[aHHBIC THCTOJIOTHYECKHE MapaMeTphl B OIyXOJIEeBOH TKAHM TAK)Ke CBSI3aHBI C OOJBIIEH 4acTOTOH
BCTPEYAEMOCTH OTJATEHHBIX METACTa30B y MAI[EHTOB ¢ KapIuHOMamHu co crarycoM pMMR B oTimune ot manu-
entoB ¢ dAMMR crarycom ormyxomm.

KuroueBble ciioBa: 6enku cuctemsl Mucmaty penapanni, AIMMR/pMMR cratyc, KonopekTaabHblil pak

KOHq)J’IHKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SAIBHBIX U MNOTCHIUAJIBHBIX KOHq;).]'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaIII/IeI71 HaCTOHH.[eﬁ CTaTbHU.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (\MHAHCHPOBAHUS IPH MPOBEICHHN UCCIENO0-
BaHMSI.

Jst murupoBanus: Haymos C.C., Kpaxmans H.B., TapacoB M.H., Tapanenko M.1., Yayt E.B., Kono6osun-
koBa lO.B., Bropymun C.B. KinHNko-maToigornyeckue 0COOEHHOCTH paka TOJCTOW KHUINKUA B 3aBUCHMOCTH OT
dMMR craryca onyxonu. broaremens cubupckoti meouyunsl. 2023;22(4):57-64. https://doi.org/10.20538/1682-
0363-2023-4-57-64.

INTRODUCTION common cancer. Over one million newly diagnosed
tumors are reported among both sexes annually. The

According to the World Health Organization (WHO), number of deaths exceeds 570,000 per year [1]. In
colorectal cancer (CRC) is one of the most common 2021, over 18,000 new cases of CRC were registered in
malignant neoplasms in the world. It is the 5™ most the Russian Federation, which accounts for 7.1% of all

58 BionneTteHb cMbUpckon MeguumHbl. 2023; 22 (4): 57-64



Original articles

malignant neoplasms. The increase in the incidence in
2011-2021 was 25.3% [2]. In 2021, more than 23,000
deaths from CRC were registered, making this disease
the third leading cause of mortality from malignant
neoplasms in the Russian Federation [2].

Only 30-50% of CRC patients achieve 5-year
survival, since the disease in most cases is detected
at late clinical stages [3]. Despite this, if the tumor
is diagnosed at an early stage (T, T,N), the 5-year
survival rate is more than 90%. It is worth noting
that among stage Il CRC patients, the 5-year relapse
rate is extremely variable, ranging from 12 to 38%.
Moreover, in stage III CRC patients, the 5-year
relapse-free survival rate does not exceed 50% [3].

The key stage in the diagnosis of CRC is
morphological verification of the diagnosis followed
by the assessment of pathomorphological signs.
Currently, the main parameters are: the size of
the primary tumor, histologic grade, degree of
malignancy, pT and pN criteria, the condition of the
resection margins and lymph nodes, extramural and
peritumoral vascular invasion, perineural invasion,
as well as the assessment of the invasive tumor front
area for the presence of morphological manifestations
of tumor budding [3]. This phenomenon is detected
when there are clusters of single tumor cells at the
invasive margin of the tumor (from 2 to 4 cells in one
tumor bud).

Currently, depending on the number of tumor cell
clusters at the invasive margin per 1 field of view,
three budding grades are distinguished: 0—4 buds
indicate low-grade budding (Bd1); 5-9 buds indicate
intermediate-grade budding (Bd2): > 10 buds indicate
high-grade budding (Bd3) [4]. This phenomenon is
based on epithelial — mesenchymal transition (EMT)
[5]. EMT is the process by which the cell changes its
phenotype from epithelial to mesenchymal, which
ultimately leads to the possibility of tumor invasion,
as well as to lymphogenous and hematogenous
metastasis, which correlates with an unfavorable
prognosis for the disease course in the presence of this
morphological sign in the tumor tissue [6].

Despite the existing pathohistological criteria used
in diagnosing surgical material to assess the objective
prognosis of the disease course and elaborate an
individualapproachtotreatment, morphological studies
should be supplemented with the results of molecular
genetic methods. To date, the most common and
recommended methods are determination of mismatch
repair deficiency proteins (AIMMR status of the tumor —
mismatch repair deficient status) or microsatellite

instability (MSI) by immunohistochemistry using
polymerase chain reaction [7, 8]. According to clinical
guidelines, including the Russian Society of Clinical
Oncology RUSSCO, these techniques can be mutually
exclusive, since their concordance in CRC is more
than 95% [9].

It should be noted that AMMR / MSI status of the
tumor depending on the clinical stage of the disease
can serve as both a prognostic and a predictive factor
for the response to drugs, such as checkpoint inhibitors
[9], as well as to the effectiveness of fluoropyrimidines
[10], which are the main therapeutic drugs in both
postoperative treatment and subsequent lines. This
significantly influences the treatment strategy of a
patient for both local and diffuse tumor processes.

Despite widespread testing of dAMMR / MSI in
clinical practice, studying the clinical and pathological
characteristics of the primary tumor and their
relationship with parameters of regional and distant
metastasis is of interest in CRC.

MATERIALS AND METHODS

The study included 66 patients diagnosed with
stage T, , N, M, CRC. The inclusion criterion
for the study was histologically verified CRC. The
exclusion criterion was preoperative chemotherapy.
The scope of surgical treatment corresponded to
hemicolonectomy (right / left) or radical resection
of the colon with simultaneous removal of distant
metastases, if present. A morphological study of
the surgical material was carried out, assessing the
following parameters: histologic tumor grade, density
of immune cell infiltrate in the tumor stroma (in 10
fields of view at x 400), signs of lymphovascular and
perineural invasion, the presence and number of tumor
buds at the invasive tumor margin, presence / absence
of metastases in the lymph nodes (at least 12 regional
lymph nodes).

The microscopic examination was carried out
using the Eclipse Ci-L upright microscope (Nikon,
Japan). The histotype and stage of the disease were
determined according to the 2019 WHO Classification
of Tumors of the Digestive System. The density of
the immune cell infiltrate in the tumor stroma was
quantified. The results were converted into a point
scale (1 point — mild infiltration, up to 300 immune
cells; 2 points — moderate infiltration, 300-600 cells;
3 points — pronounced infiltration, more than 600 cells).

The assessment of tumor budding was carried
out as follows: counting of tumor buds in hotspots
at the invasive tumor margin per unit area of
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0.785 mm? (corresponding to a %20 eyepiece
lens with a field of view diameter of 20 mm). The
obtained quantitative values were also converted into
a point scale, where 0—4 buds corresponded to Bd1
(low-grade budding); 5-9 buds corresponded to Bd2
(intermediate-grade budding); >10 buds and more
corresponded to Bd3 (high-grade budding). The
dMMR status of carcinoma was assessed on paraffin
sections of the tumor tissue (surgical material) by
immunohistochemistry. Staining was performed on
the Bond RX Fully Automated IHC and ISH Staining
System (Leica Biosystem) using such antibodies
as MLHI1 (Clone ES05, RTU, Dako An Agilent
Technologies Company, RTU); MSH2 (Clone FEI,
RTU, Dako An Agilent Technologies Company),
MSH6 (Clone EP49, RTU, Dako An Agilent
Technologies Company); and PMS2 (Clone EP51,
RTU, Dako An Agilent Technologies Company)

1R
.,|,I {’. |

=

(Fig. 1-3). In the absence of nuclear IHC staining
of at least one marker, mismatch repair protein
deficiency was diagnosed (tumor with microsatellite
instability — dMMR status). In the study group,
distant metastases were detected in 16.67% of cases
(n = 11 / 66). The presence of metastatic lesions
and the number of metastatic lymph nodes (N) are
presented in Table.

Statistical data analysis was performed using the
SPSS 23.0 software package (IBM SPSS Statistics,
USA). Quantitative variables were presented as the
median and the interquartile range Me (Q,.; O.)).
Qualitative variables were described by absolute
and relative frequencies n (%). The quantitative and
qualitative variables in independent samples were
compared using the Mann — Whitney U test and the
¥2 criterion. The results were considered statistically
significant at a p < 0.05.

Fig. 1. Tumor budding at the invasive tumor front margin (marked
by arrows) in colorectal adenocarcinoma. Here and in Fig.2 —
H&E staining, x 200

Fig. 2. Lymphovascular invasion (the arrow indicates a tumor
embolus in the lumen of the vessel)
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Fig. 3. Immunohistochemical determination of the dMMR status of the tumor

RESULTS

Two groups of patients were formed depending
on the immunohistochemically verified dMMR /
PMMR status of the tumor. Group 1 included 50%
of cases (n = 33 / 66) with mismatch repair protein
deficiency (IMMR status) in the tumor. An equal
number of cases (50%; n = 33 / 66) were included
in the control group: tumors with mismatch repair
protein proficiency (pMMR status). The assessment
of existing correlations in the selected groups with
tumor histotype, localization of the tumor in the colon,
and the stage of the disease did not show significant
differences (Table). The comparative analysis of
cases with lymphogenous metastases in the groups
of dAMMR / pMMR tumors did not reveal significant
differences. We did not find any differences in the
number of metastatic lymph nodes.

Next, we assessed the relationship between the
dMMR / pMMR status of carcinoma and the presence
ofhematogenous metastases. The results ofthe analysis

allowed to establish that in the group of patients
with dAMMR tumors, hematogenous metastases were
detected in 6.1% of cases (n =2 / 11). Moreover, in
cases with pMMR tumors, distant metastases were
detected in 27.3% of cases (n = 9 / 11) (y*= 5.3;
p =0.02) (Fig.4). As a result of this work, we did not
see any significant differences between the AIMMR /
PMMR status and the density of immune cell infiltrate
in the tumors (Table).

The assessment of tumor budding at the invasive
tumor margin showed its presence in both groups.
However, significant  differences were found
between tumor budding grades (3= 6.0; p < 0.04).
Thus, we observed Bdl (n = 10) and Bd2 (n = 2) in
dMMR tumors, with the presence of morphological
manifestations of tumor budding at the invasive margin.
No morphological manifestations of this phenomenon
were found in other AMMR tumors (n = 21).

In the group of pMMR tumors, we identified
Bd3 (n = 4) along with Bdl (n = 6) and Bd2 (n = 5).
No manifestations of this phenomenon were found at the
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invasive margins of other tumors (n = 18). The additional p <0.001). The assessment of perineural tumor invasion
analysis of the results obtained allowed to establish that revealed that in dMMR tumors this morphological
tumors with Bd2 and Bd3 budding were characterized feature was detected less frequently compared to pMMR

by the presence of hematogenous metastases (= 17.2; carcinomas (y*>=4.2; p =0.03).
Table
Clinical data and morphological parameters of the tumor in CRC patients
dMMR pMMR o
Parameter . % B % Criterion value p
male 23 69.7 19 57.6
1.04 4
Sex female 10 303 14 424 048 0.433
Age, years, Me (0,.; 0., 63 (54.5; 63) 63.3+£13.5 66 (59.5; 74) 65.6+12.1 481.5 0.419
high-grade adenocarcinoma 10 30.3 9 27.3
Tumor histotype low-grade adenocarcinoma 14 42.4 12 36.4 0.635 0.728
mucinous adenocarcinoma 9 27.3 12 36.4
cecum 5 15.2 3 9.1
ascending colon 6 18.2 3 9.1
hepatic flexure 4 12.1 4 12.1
transverse colon 2 6.1 2 6.1
T localizati 10.094 0.18
umor focatization splenic flexure 4 12.1 2 6.1 ? 3
descending colon 5 15.2 1 3.0
sigmoid colon 6 18.2 17 51.5
rectosigmoid colon 1 3.0 1 3.0
T2 5 15.2 1 3.0
Cancer stage T3 6 18.2 8 24.2
4333 0.228
(T) T4a 19 57.6 23 69.7
T4b 3 9.1 1 3.0
NO 17 51.5 15 45.5
Nla 6 18.2 3 9.1
Lymphogenous N1b 2 6.1 1 3.0
- 3.869 0.568
metastasis (N) Nlc 1 3.0 4 12.1
N2a 3 9.1 5 15.2
N2b 4 12.1 5 15.2
Densitv of the i mild 6 18.2 3 9.1
ensity of the immune moderate 13 394 16 485 1310 0.519
cell infiltrate
pronounced 14 42.4 14 42.4
L right 17 51.5 13 39.4
L . 4
esion side left 16 485 20 60.6 0978 0459

100%

80%

60%

40%

20%

0%
dMMR pMMR

W Distant metastasis+ B Distant metastasis -

Fig.4. Frequency of distant metastasis in CRC patients depending on the dIMMR / pMMR status of the primary tumor
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DISCUSSION

Our research showed that in CRC, various clinical
and morphological features can be simultaneously
characteristic of both dAMMR and pMMR tumors.
In this work, we identified a number of differences
that may determine the nature of the disease course.
Thus, the comparative analysis of dAMMR and pMMR
tumors depending on tumor morphology and its
localization did not show significant differences. The
most important morphological features that were
characteristic of dMMR carcinomas were lower
frequency of perineural invasion and predominance of
Bd1 and Bd2 tumor budding grades.

In the analyzed literature, there was no description
of similar morphological characteristics depending
on the molecular status of the tumor in CRC. The
most indicative parameter that we detected was low
hematogenous metastatic potential of AMMR tumors
compared to pMMR carcinomas. One of the reasons
explaining the discovered relationship may be different
biological behavior of tumors due to differences in
the volume of mutational load [10]. This hypothesis
is also supported by the fact that no significant
differences in the density of the immune cell infiltrate
(which, according to one of the existing hypotheses,
has a tumor suppressive effect) were found between
dMMR and pMMR carcinomas [11, 12].

It may be assumed that the dMMR status of the
tumor and associated morphological parameters,
such as low frequency of perineural invasion and
predominance of the Bdl tumor budding, are
interrelated and explain lower metastatic potential. It
should be noted that the absence in the tumor tissue
of signs of perineural invasion, manifestations of
Bd3 tumor budding at the invasive margin, and signs
of hematogenous metastasis can be considered as
indirect morphological parameters that may indicate
the IMMR status of a colonic tumor.

CONCLUSION

Our data demonstrate the presence of
morphological differences in the primary tumor tissue
in colonic tumors depending on the dAMMR / pMMR
status of the tumor. Based on the obtained results, it
can be assumed that certain histologic parameters,
such as the presence of perineural invasion and the
predominance of various tumor budding grades at the
invasive tumor margin, can be associated with the
frequency of hematogenous metastasis and, therefore,
can serve as a prognostic criterion for CRC with

immunohistochemically verified dMMR or pMMR
molecular status of colorectal carcinoma.
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