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Abstract
BACKGROUND: There is an urgent need to identify predictive features and markers for progression and treatment 
of colorectal carcinoma (CRC).

AIM: This study aimed to assess O6-methylguanine DNA methyltransferase (MGMT) expression in CRC and to 
correlate with the clinico-pathological aspects of the tumor, also to evaluate the relationship between different 
histopathologic parameters and tumor progression.

MATERIALS AND METHODS: The study was carried on 70 colectomy using formalin fixed paraffin embedded tumor 
tissue not subjected to chemo-radiotherapy nor with missing data. Specimens were collected from the Department 
of Pathology of Kasr El-Aini Hospital, Faculty of Medicine, Cairo University, during the period between (March - 2017 
and May - 2018). Immunohistochemistry was used to detect MGMT expression and clinico-pathologic aspects as 
well as to assess tumor budding, type of desmoplastic reaction (DR), inflammatory lymphocytic milieu, pattern of 
invasive front and necrosis, and then correlated with MGMT expression and tumor progression, using parametric and 
non-parametric statistical methods.

RESULTS: MGMT loss of expression was detected in 42.9% of CRC cases. MGMT expression status was 
significantly correlated with tumor stage and metastatic status (p < 0.05), while it was not correlated with other clinico-
pathologic features, (p > 0.05). DR, tumor budding, stromal tumor infiltrating lymphocytes (TIL-S), and necrosis were 
correlated with tumor stage (p < 0.05). DR correlated with tumor budding (p < 0.05). Both types of TIL and Crohn’s-
like lymphoid reaction showed a mutual correlation (p < 0.05).

CONCLUSION: MGMT high expression and histopathologic parameters as DR, tumor budding, inflammatory 
lymphocytic milieu, and necrosis could be correlated with CRC progression.
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Introduction

Colorectal cancer (CRC) is the third most 
commonly diagnosed cancer in males and the second in 
females worldwide, while according to cancer mortality, 
CRC is the third leading cause in both males and 
females [1]. The development of CRC is complex, with 
critical role for generation of mutations and failed DNA 
repair in carcinogenesis. Tumor progression entails the 
downregulation of damage surveillance mechanisms 
and necessitates genetic and epigenetic instability to 
gain uncontrolled proliferation. Epigenetic dysregulation 
is a driving mechanism in cancer development and 
progression. This dysregulation is directly acting 
to modify gene expression through a methylation 
process of DNA, leading to oncogene activation, tumor 
suppressor gene silencing, chromosomal instability, 
and chromatin modification [2], [3], [4].

O6-methylguanine DNA methyltransferase 
(MGMT) is a DNA repair enzyme expressed by all normal 
human cells, it prevents DNA mutations and damage due 
to alkylating agents, then undergoes self-inactivation. 

Expression of MGMT gene varies in normal and 
neoplastic tissues. Furthermore, MGMT epigenetic 
silencing is linked to its lack of expression through the 
methylation process. Loss of MGMT expression has 
a significant role in carcinogenesis in various tumors 
as gliomas, non-small cell lung carcinoma, and diffuse 
large B-cell lymphoma [5], [6], [7]. Temozolomide 
(TMZ), an alkylating chemotherapeutic drug, is widely 
used to treat glioblastoma patients. It triggers death of 
tumor cells by alkylating DNA. However, some tumor 
cells are able to repair this type of DNA damage and 
diminish its therapeutic efficacy. The most important 
DNA repair system impacting the mechanism of action 
and cytotoxicity of TMZ is the MGMT. Therefore, loss of 
expression or depletion of MGMT is highly correlated 
with cytotoxic sensitivity to TMZ, which is widely used 
for the treatment of glioblastoma [8], [9], [10], [11].

Many histopathologic parameters in many 
types of cancers and mainly CRC gained attention in the 
last decade, for their impact on prognosis and survival 
as they reflect biologic behavior of the cancer, however, 
are not always included in the diagnostic pathology 
reports; desmoplastic reaction (DR), tumor budding, 
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tumor infiltrating lymphocytes (TIL), and Crohn’s-like 
lymphoid reaction (CLR), tumor invasive front pattern 
and necrosis are from those main parameters [12], [13], 
[14], [15], [16], [17], [18], [19].

The aim of this study is to evaluate the 
expression of MGMT in CRC and to correlate this 
expression with different clinicopathological aspects 
as well as to evaluate the relationship between 
different histopathologic parameters in CRC with tumor 
progression.

Materials and Methods

Collection of specimens

The study was carried on a total of 70 colectomy 
specimens of patients with colorectal cancer not 
subjected to chemo-radiotherapy nor with missing 
data, tumor sections were formalin fixed and paraffin 
embedded. Specimens were sampled by simple 
random method from the Department of Pathology 
of Kasr El-Aini Hospital, Faculty of Medicine, Cairo 
University during the period between (March - 2017 and 
May - 2018). The study was approved by the ethical 
committee of Kasr El-Aini Hospital and specimens were 
anonymously replaced by numbers for confidentiality.

The site of the tumor was classified into colonic 
and rectum, while the size of the tumor was calculated as 
the length of the largest diameter. The tumor extension 
into other organs, distant metastasis if present and the 
lymph node status were also obtained from the diagnosis 
present in the pathology reports (clinical data of distant 
metastasis in other organs detected at time of diagnosis 
were also obtained from the patient’s sheet). Mucinous 
and signet ring cases were excluded from grading.

Processing and histopathologic 
examination

Paraffin blocks of the tumor were serially 
sectioned at 4 μm thickness. Afterward, they were 
stained with routine hematoxylin-eosin stain for 
evaluation and confirmation of the diagnosis, 
assessment of histologic type and grade, detection of 
the tumor invasion depth, lymph node status and the 
presence of lympho-vascular and perineural invasion, 
according to the recommendations of the World 
Health Organization, while staging was performed 
using TNM 8th edition system for each case [12], [13]. 
Histopathologic examination was performed by one 
pathologist (MA). All microscopic measurements were 
taken using Leica slide scanner SCN400 and image 
viewer software (Leica Microsystems).

Tumor invasive front pattern was assessed 
whether infiltrative with jagged border or pushing 

with relative smooth border. Tumor budding was 
assessed according to the International Tumor Budding 
Consensus Conference, as isolated cancer cells or a 
cluster of <5 neoplastic cells at the invasive front of the 
tumor. The invasive front of the tumor was assessed at 
a scanning (x10 objective) magnification for the area 
with maximal tumor budding. In this area, the number 
of tumor buds was determined in a 0.785mm2 area. 
Tumors were classified as absent budding, low tumor 
budding if 1–9 tumor buds, and high tumor budding if 
≥10 tumor buds were identified per 0.785 mm2 area [14].

DR was histologically assessed in the reactive 
fibrous zone at the advancing extramural edge of the 
tumor and classified into three categories: Mature 
when fibrotic stroma did not contain keloid-like 
collagen or myxoid stroma and was composed of fine 
mature collagen fibers stratified into multiple layers. 
Intermediate when keloid-like collagen observed as 
hyalinized thick bundles of hypocellular collagen was 
intermingled with mature stroma. Immature when stroma 
show myxoid changes comprising slightly basophilic 
extracellular matrix. The stroma is classified according 
to the most immature stromal area. A microscopic field 
of a ×40 objective was used as a cutoff [15]. DR was 
not assessed in 14 cases which represented T1 and 
T2 cases which by definition have not an extramural 
invasive component.

Inflammatory lymphocytic milieu was 
histologically assessed as TIL with categorization into 
two groups: Intraepithelial (TIL-E) assessed in 5 HPF, in 
the invasive front and center of tumor and classified as 
absent, one per gland (cancer Tube) or more per gland, 
excluding necrotic, and apoptotic areas.[16] Stromal 
(TIL-S) assessed in the center and invasive front of 
the tumor in a percentage of stromal inflammatory 
cells and scored in 5% increments excluding necrotic 
and fibrotic areas, immune infiltrate outside of the 
tumor and granulocytic infiltrate areas, according to 
International TILs Working Group into three categories: 
Low (0-10%), moderate (15–50%), and high (>50%) 
of stroma [17]. CLR density is measured as number of 
lymphoid aggregates per mm length of tumor front and 
was scores as absent, low or high CLR density using 
cutoff (>0.38 follicles/mm) of length [18].

Tumor necrosis was assessed in the tumor’s 
center excluding luminal necrotic debris and graded as 
“absent” (0), “focal” (<10%), “moderate” (10–30%) or 
“extensive” (>30%) of tumor area [19].

Immunohistochemistry (IHC)

Another unstained paraffin section on 
positive charged slides from each case was loaded 
in IHC autostainer (Ventana Benchmark XT. Roche 
Diagnostics) and processed for immunostaining with 
Mouse monoclonal MGMT antibody (Santa Cruz 
Biotechnology) with a dilution 1:50, using Optiview IHC 
detection kit. MGMT external positive control of a lymph 
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node was used as well as internal control of lymphocytes, 
plasma cells, stroma, and blood vessels. Lymph node 
tissue was also assayed omitting the primary antibody 
as negative controls. Immunohistochemical staining 
of MGMT was evaluated as positive only with nuclear 
staining in tumor cells, while cytoplasmic staining is 
disregarded. A semi-quantitative scoring system for 
both staining intensity and the percentage of positive 
cells was used. A score was calculated by multiplying 
the intensity (negative: 0, mild: 1, moderate: 2, and 
strong: 3) by percentage of stained cells (0: absent, 1: 
1–25%, 2: >25–50%, 3: >50–75%, and 4: >75–100%). 
Scores of multiplication were graded as follows: (−):0, 
(+): 1–3, (++): 4–8, and (+++): 9–12. In addition, for 
statistical analysis, the (− ) and (+) cases were pooled 
into the low-expression group, and the (++ and +++) 
cases were pooled into the high-expression group [20]. 
Immunostaining of additional tumor section was applied 
to cases with variation in the intensity of staining 
in multiple fields in the same tumor section. IHC 
interpretation and score assessment were performed 
by two pathologists (MA and MS). MGMT expression 
was studied with the different previously mentioned 
clinicopathologic aspects of CRC in collected cases.

Statistical methods

Data were statistically described in terms of 
mean ± standard deviation (±SD), median and range, 
or frequencies (number of cases) and percentages 
when appropriate. Percentages were approximated 
taking in consideration total percentage to be 100%. 
Comparison of numerical variables between the 
study groups was done using Mann Whitney U test 
for independent samples to compare 2 groups. For 
comparing categorical data, Chi square (ꭕ2) test was 
performed. Exact test was used instead when the 
expected frequency is <5. p < 0.05 was considered 
statistically significant flagged with an asterisk, <0.01; 
highly significant flagged with 2 asterisks and <0.001 is 
extremely significant flagged with 3 asterisks. Shapiro-
Wilk test was included for normality. All statistical 
calculations were done using Statistical Package for 
the Social Science (SPSS version 20.).

Results

The study included 70 cases of CRC with 
age ranging between 11 and 82 years old, mean age 
was 51.4 years and median age was 55 years. Three 
patients (4.3% of cases) were younger than 18 years. 
Males constituted 57.1% and females 42.9% of cases. 
Low MGMT expression was detected in 42.9% of all 
cases. Mean and median age for low MGMT expression 
group were 51.1 and 55 years, respectively, while 

those of high MGMT expression group were 51.6 and 
52.5 years, respectively. Mean size of the tumor was 
5.7 cm (ranging between 2.5 and 11cm) with low MGMT 
expression detected in 46.7% of size ≥5 cm and 36% 
of size <5 cm, with no statistically significant difference 
(p > 0.05). Figure 1 displays low and high expression of 
MGMT. Age, tumor size, and MGMT expression show 
normal distribution according to Shapiro–Wilk normality 
test (p < 0.05), except for tumor size in the high MGMT 
expression group (p = 0.013).

Figure 1: Immunohistochemical stained sections illustrate 
O6-methylguanine DNA methyltransferase (MGMT) expression; (a 
and b) low and high magnification showing; positive nuclear reaction 
score 12 (High expression). (c and d) Low and high magnification 
showing negative reaction to MGMT score 0 (Low expression). 
(e) Positive nuclear reaction intensity 2 and percentage 3; Score 
6 (High expression). (f) Positive weak nuclear reaction intensity 1 
and percentage 3, Score 3 (Low expression). (a, b, and c) Positive 
internal control lymphocytes

Regarding tumor stage and MGMT expression, 
low expression was detected in 54.4% of Stage I, 25% 
of Stage II, 60% of Stage III, and 11.1% of Stage IV, 
with a statistically significant relationship (p = 0.0146).

Table 1 summarizes the relationship between 
tumor staging with MGMT and some clinico-pathologic 
parameters. Despite there was not a statistically 
significant relationship (p > 0.05) between MGMT 
expression and primary tumor extension, a direct linear 
correlation between increase in MGMT expression and 
higher primary tumor extension (T) stage was noted. 
There were no statistically significant relationship 
(p > 0.05) between MGMT expression with age, sex, 
tumor size, site, lymph node status, tumor differentiation, 
histologic type, lymphovascular and perineural invasion, 
tumor budding, pattern of invasive front, TIL, CLR, DR, 
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or necrosis. Table 2 shows the frequencies of clinico-
pathologic parameters and the relationship with MGMT 
expression. Figure 2 demonstrates microscopically 
many histopathologic features.

DR, tumor budding, TIL-S, and Necrosis were 
statistically correlated with the tumor stage (p = 0.035, 
0.018, 0.018, and 0.0032, respectively). DR immaturity 
showed a statistically significant directly proportional 
relationship with tumor budding (p = 0.0014) (Figure 3). 
Interestingly, both types of TIL and CLR show a statistically 
significant relationship; TIL-S with TIL-E, TIL-E with 
CLR as well TIL-S with CLR (p < 0.001, p = 0.0024, and 
p < 0.001, respectively) (Table 3).

Discussion

MGMT low expression group represented 
42.9% of cases, higher than Michailidi’s and 
Pietrantonio’s studies; 34% and 37%, respectively, while 
lower than Oliver’s study 48.2% [21], [22], [23]. MGMT 
low expression group was more frequent in females 
50% than in males 37.5%, similar to Zhang’s and 
Michailidi’s studies, and in contrast to Oliver’s study that 
demonstrated MGMT low expression group was more 
predominant in males than in females. Regarding the 
age, Michailidi’s study showed higher mean age for both 
low and high MGMT expression categories 69.5 and 
66.9 years, respectively, while for median age Zhang’s 
study showed slightly higher median for both MGMT 
low and high expression categories 57 and 58 years, 
respectively. Concerning tumor site, our study showed 
MGMT low expression group in the colonic and rectal 

Table 1: The relationship between MGMT and clinicopathologic 
parameters with tumor staging
Parameter No (%) Stage I Stage II Stage III Stage IV p-value
MGMT

High expression 40 (57.1) 5 (45.6) 15 (75) 12 (40) 8 (88.9) 0.0146*
Low expression 30 (42.9). 6 (54.4) 5 (25) 18 (60) 1 (11.1)

Stroma
Mature 19 (33.9) NA 11 (55) 7 (25.9) 1 (11.1) 0.0353*
Intermediate 23 (41.1) NA 7 (35) 13 (48.2) 3 (33.3)
Immature 14 (25) NA 2 (10) 7 (25.9) 5 (55.6)

Budding
Absent 20 (28.6) 7 (63.6) 8 (40) 4 (13.3) 1 (11.1) 0.0185*
Low 23 (32.8) 3 (27.3) 6 (30) 12 (40) 2 (22.2)
High 27 (38.6) 1 (9.1) 6 (30) 14 (46.7) 6 (66.7)

Invasive front
Pushing 7 (10) 3 (27.3) 1 (5) 3 (10) 0 (0) 0.157
Infiltrative 63 (90) 8 (72.7) 19 (95) 27 (90) 9 (100)

Tumor infiltrating lymphocytes stromal
Low 38 (54.3) 4 (36.4) 17 (85) 13 (43.3) 4 (44.45) 0.0188*
Intermediate 26 (37.1) 5 (45.4) 1 (5) 16 (53.3) 4 (44.45)
High 6 (8.6) 2 (18.2) 2 (10) 1 (3.4) 1 (11.1)

Tumor infiltrating lymphocytes intraepithelial
Absent 18 (25.7%) 0 (0%) 5 (25%) 10 (33.3%) 3 (33.3%) 0.161
1 44 (62.9%) 8 (72.7%) 14 (70%) 18 (60%) 4 (44.5%)
>1 8 (11.4%) 3 (27.3%) 1 (5%) 2 (6.7%) 2 (22.2%)

Crohn’s-like lymphoid reaction
Absent 33 (47.2%) 7 (63.6%) 10 (50%) 11 (36.7%) 5 (55.6%) 0.780
Low 25 (35.7%) 3 (27.3%) 7 (35%) 12 (40%) 3 (33.3%)
High 12 (17.1%) 1 (9.1%) 3 (15%) 7 (23.3%) 1 (11.1%)

Necrosis
Absent 17 (24.3%) 8 (72.7%) 1 (5%) 6 (20%) 2 (22.2%) 0.0032**
Focal 35 (50%) 2 (18.2%) 12 (60%) 15 (50%) 6 (66.7%)
Moderate 16 (22.8%) 1 (9.1%) 6 (30%) 9 (30%) 0 (0%)
Extensive 2 (2.9%) 0 (0%) 1 (5%) 0 (0%) 1 (11.1%)

MGMT: O6-methylguanine DNA methyltransferase, NA: Not Applicable.

Table 2: The relationship between MGMT expression and 
clinico‑pathologic factors
Factors No. (%) High expression Low expression p-value
Sex

Male 40 (57.1) 25 (62.5) 15 (37.5) 0.422
Female 30 (42.9) 15 (50) 15 (50)

Age
<60 41 (58.6) 21 (51.2) 20 (48.8) 0.233
≥60 29 (41.4) 19 (65.5) 10 (34.5)

Size
≥5 cm 45 (64.3) 24 (53.3) 21 (46.7) 0.387
<5 cm 25 (35.7) 16 (64) 9 (36)

Primary tumor site
Colonic 51 (72.9) 31 (60.8) 20 (39.2) 0.312
Rectal 19 (27.1) 9 (47.4) 10 (52.6)

Primary tumor extension
T1 2 (2.9) 0 (0) 2 (100) 0.389
T2 12 (17.1) 6 (50) 6 (50)
T3 46 (65.6) 27 (58.7) 19 (41.3)
T4 10 (14.3) 7 (70) 3 (30)

Lymph node status
N0 31 (44.3) 18 (58.1) 13 (41.9) 0.889
N1 26 (37.1) 14 (53.8) 12 (46.2)
N2 13 (18.6) 8 (61.5) 5 (38.5)

Distant metastasis
M0 61 (87.1) 32 (52.5) 29 (47.5) 0.0392*
M1 9 (12.9) 8 (88.9) 1 (11.1)

Histologic type
Adenocarcinoma 67 (95.7) 39 (58.2) 28 (41.8) 0.666
Mucinous 2 (2.9) 1 (33.33) 1 (33.33)
Signet ring 1 (1.4)

Differentiation
G I 2 (3) 1 (50) 1 (50) 0.834
G II 59 (88) 32 (54.2) 27 (45.8)
G III 6 (9) 4 (66.7) 2 (33.3)

Lymphovascular invasion
Detected 38 (54.3). 22 (57.9) 16 (42.1) 0.889
Not detected 32 (55.7) 18 (56.2) 14 (43.8)

Perineural invasion
Detected 16 (22.9) 6 (37.5) 10 (62.5) 0.771
Not detected 54 (77.1) 34 (63) 20 (37)

Tumor budding
Absent 20 (28.6) 14 (70) 6 (30) 0.325
Low 23 (32.8) 13 (56.5) 10 (43.5)
High 27 (38.6) 13 (48.1) 14 (51.9)

Tumor invasive front
Pushing 7 (10) 3 (42.9) 4 (57.1) 0.687
Infiltrating 63 (90) 37 (58.7) 26 (41.3)

Crohn like reaction
Absent 33 (47.2) 22 (66.7) 11 (33.3) 0.263
Low 25 (35.7) 13 (52) 12 (48)
High 12 (17.1) 5 (41.7) 7 (58.3)

Desmoplastic reaction
Mature 19 (33.9) 12 (63.2) 7 (36.8) 0.864
Intermediate 23 (41.1) 13 (56.5) 10 (43.5)
Immature 14 (25) 9 (64.3) 5 (35.7)

TIL-E
Absent 18 (25.7) 9 (50) 9 (50) 0.649
1 44 (62.9) 27 (61.4) 17 (38.6)
>1 8 (11.4) 4 (50) 4 (50)

TIL-S
0–10% 38 (54.3) 22 (57.9) 16 (42.1) 0.840
15–50% 26 (37.1) 14 (53.8) 12 (46.2)
>50% 6 (8.6 ) 4 (66.7) 2 (33.3)

Necrosis
Absent 17 (24.3) 8 (47.1) 9 (52.9) 0.285
Focal 35 (50) 24 (68.6) 11 (31.4)
Moderate 16 (22.8) 7 (43.7) 9 (56.3)
Extensive 2 (2.9) 1 (50) 1 (50)

TIL-S: Tumor infiltrating lymphocytes stromal TIL-E: Tumor infiltrating lymphocytes intraepithelial, MGMT: 
O6-methylguanine DNA methyltransferase.

cases representing 39.2% and 52.6%, respectively, 
higher than what Zhang et al. found; 26.7% in colonic 
cases and 32.3% in rectal cases [24]. The differences 
between age, gender, and tumor site at one side in 
relation with MGMT expression at the other side could be 
attributed to differences in the racial and environmental 
factors between populations as all the patients included 
in the current study are Egyptians. Tumor histologic 
type and differentiation lack statistical significance with 
MGMT expression, while Zhang et al. found a statistical 
correlation between histologic type and low MGMT 
expression which was more common in signet ring cell 
carcinoma 80%, but they couldnot detect a signficant 
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correlation with the tumor grade in the same study. 
Liddell et al. found frequent loss of MGMT expression in 
mucinous adenocarcinoma 23% [24], [25].

Figure 3: Histogram showing the significant relationship between 
desmoplastic reaction and tumor budding; the immaturity of stroma is 
directly proportional to the increase in budding

On basis of DR categorization and tumor budding, 
both lacked significant correlation with MGMT expression, 

however both showed a statistically significant correlation 
with TNM stage group. In addition, DR and tumor budding 
correlated significantly with each other, representing as 
possible surrogate markers for epithelial mesenchymal 
transition [26], [27]. Our results are in agreement with data 
reported by Ueno, as regard distribution of DR categories, 
and the significant correlation between DR with TNM 
status and tumor budding [14]. This could confirm the 
conclusion that the more immaturity of the stroma the 
more tumor progression and the risk of metastasis. 
Tumor budding in CRC and other tumors, is known to be 
an independent prognostic factor for metastatic potential 
and cancer related death [28]. Our results indicate that 
tumor budding and immaturity of stroma go hand in hand. 
The pattern of invasive front did not correlate with MGMT 
expression nor TNM stage grouping and could need to be 
correlated with microsatellite instability (MSI) which was 
not done in this study.

Regarding the inflammatory lymphocytic milieu 
of tumor, neither TIL-S, TIL-E, nor CLR correlated 
significantly with MGMT expression. An interesting 
significant relationship was noted between any two 
elements of the studied lymphocytic triad, that is, TIL-S 
with TIL-E, TIL-S with CLR, and TIL-E with CLR, similar 
to what Jakubowska found at the invasive front of the 
tumor [15]. This could support that the inflammatory 
lymphocytic milieu are orchestrated or directed 
along the same course of tumor’s immune status, 
as evidenced by immunohistochemical studies that 
demonstrated mixed B- and T-cell elements in CLR and 
variable T- cell subsets in TIL [17]. The current study 
also showed that only TIL-S showed a correlation with 
the TNM stage grouping. Most other studies correlated 
high density TIL and CLR with TNM stage grouping, 
favorable prognosis and overall survival, with additional 
significant correlation between TIL-E and CLR as well 
as TIL-E and TIL-S. [17], [29], [30], [31]. Necrosis did not 
correlate significantly with MGMT expression, yet it was 
significantly correlated with TNM stage grouping, which 
was also reported by Pollheimer. This could be due to 
rapid tumor growth and reflecting hypoxic changes, 
and in turn, correlate with increase in metastatic 
potential and adverse prognosis [32]. To the best of 
our knowledge, no data were published in the literature 
about the relation between DR, tumor budding, invasive 
front pattern, inflammatory lymphocytic milieu, and 
necrosis with MGMT expression status.

In this study, tumor invasiveness (T) was 
directly correlated with increase in MGMT expression 
where none of T1 cases showed high expression 
while T4 showed the highest expression in 70% with 
insignificant correlation (p = 0.889) which may raise a 
possibility that tumors with intact MGMT expression 
have more capability of growth and local invasion, 
although this needs more number of cases to be 
studied to confirm this current suggestion. Besides 
detection of MGMT low expression in T1 and T2 could 
give a clue that loss of MGMT is not a late event in CRC 

Figure 2: H&E stained sections illustrate Desmoplastic reaction (a, 
b, and c, mature; intermediate and immature respectively). Tumor 
infiltrating lymphocytes stromal (d, e, and f; >50%, 15–50%, and 
<10%, respectively). (g) Crohn’s-like lymphoid reaction density 
( >0.38 follicles/mm). (h) tumor infiltrating lymphocytes intraepithelial 
>1/tube. (i) Pushing invasive front. (j) Tumor budding. clusters of <5 
cells. (Field diameter 4.9 mm. original magnification ×40 for G and I)
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invasive phase and is related to invasive properties 
not the tumor size of the non-invasive growth, as it is 
noticed also from the percentage of low expression 
in tumors <5 cm previously mentioned. According 
to lymph node status (N), low MGMT expression 
was detected in 43.6% of N1 and N2 cases. This 
result is within the range between Zhang’s and 
Michailidi’s studies, both without significant statistical 
correlation [21], [24].

According to the presence or absence 
of metastasis (M) and TNM stage grouping, low 
expression of MGMT was detected in one of the nine 
metastatic cases, a significant correlation between 
MGMT high expression and stage grouping was 
detected (p = 0.0146). Studies done by Zhang, Sartore-
Bianchi and Morano reported higher percentage of 
their cases with MGMT low expression in metastatic 
cases 24.2%, 43%, and 72%, respectively, with their 
studies focusing on Stage IV disease, while Michailidi 
found loss of MGMT expression in 50% of metastatic 
cases in a study involving the four stages using 
Duke’s staging system with significant statistical 
correlation [19]. The discrepancy in percentages is 
attributed to the type of study whether random or 
non-random, the number of cases and the scoring 
system used in assessment of MGMT IHC. Even 
though our study showed low MGMT expression 
in a low percentage of the metastatic cases, which 
theoretically could be disappointing, this will not 
preclude any benefit gained from applying MGMT 
detection in metastatic CRC cases and the trials using 
alkylating chemotherapeutics, as TMZ for cases with 
low expression [33]. Furthermore, Mori showed that 
patients with methylation and loss of expression of 
MGMT in tissue are valuable biomarkers for detection 
of Stage III CRC at high risk of recurrence [34]. It is worth 
mentioning that our study included four cases (colonic 
and Stage II) that showed low MGMT expression, one 
of them showed perineural invasion, and one of the 
high-risk features. Interestingly, a clinical trial using 
a combination of TMZ and Irinotecan for pretreated 
metastatic CRC, showed that all non-responder 
patients were MGMT positive by IHC, while patients 
with MGMT negative or low had a significantly longer 
median progression free-survival than others [33]. In 
addition. Shah et al. observed concordance between 
MGMT gene promoter methylation status and MGMT 
IHC results in Glioblastoma using the same IHC 
clone [35], making MGMT worth for investigation.

Limitations and recommendation of the 
study

This study has several potential limitations; 
first, the lack of detection of MGMT by methylation 
assay combined with IHC which could be more 
confirmative to the role MGMT in the pathogenesis of 
colorectal carcinoma, second, the lack of MSI status 
as we predict that it will show correlation with MGMT 
expression and many of the studied histopathological 
parameters and so additional molecular correlation is 
needed especially with known prognostic genes as 
KRAS and BRAF. Third, the lack of 5 year survival, 
as to date, the cases were collected from only <3 
years ago and this period will not be enough to use 
prognostically; therefore, further studies with larger 
samples for pretreated cases and long-term follow-up 
are required to establish prognostic significance of 
MGMT and the other histopathologic parameters. 
In addition, Loss of MGMT might be of interest in 
metastatic and recurrent CRC to select cases that 
could benefit from alkylating chemotherapeutics, as 
TMZ. Finally, further studies focusing on the biology of 
tumor microenvironment are needed to characterize 
its role in carcinogenesis.

Conclusion

MGMT high expression showed a statistically 
significant correlation with tumor stage grouping and 
can be correlated with CRC progression. MGMT Low 
expression was detected in 42.9% of CRC cases and in 
11.1% of metastatic cases, which might be a valuable 
biomarker in selection of metastatic and recurrent 
cases to benefit from alkylating chemotherapeutics 
as, TMZ. Histopathologic parameters as DR, tumor 
budding, Inflammatory lymphocytic milieu (TIL-S, 
TIL-E, and CLR) and necrosis lack correlation with 
MGMT expression, however, were also associated 
with tumor progression, with a significant relationship 
between some parameters as DR with tumor budding 
and the mutual correlation between elements of the 
inflammatory (lymphocytic) milieu. Finally, these 
histopathologic parameters are advocated to be 
included into the routine diagnostic surgical pathology 
reports.

Table 3: Inflammatory lymphocytic milieu; TIL‑S, TIL‑E, and CLR relationship
Parameters TIL-E No. (%) p-value CLR No. (%) p-value
TIL-S Absent 1 >1 Absent Low High
Low 16 (42.1) 22 (57.9) 0 <0.001*** 12 (41.4) 16 (55.2) 1 (3.4) <0.001***
Moderate 2 (7.7) 20 (76.9) 4 (15.4) 21 (60) 7 (20) 7 (20)
High 0 2 (33.3) 4 (66.7) 0 2 (33.3) 4 (66.7)
CLR
Absent 6 (18.2) 24 (72.7) 3 (9.1) 0.0024**
Low 12 (48) 12 (48) 1 (4)
High 0 8 (66.7) 4 (33.3)
CLR: Crohn’s-like lymphoid reaction, TIL-S: Tumor infiltrating lymphocytes stromal TIL-E: Tumor infiltrating lymphocytes intraepithelial.
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