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Pathological evaluation of colorectal cancer 
specimens: advanced and early lesions
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SUMMARY
Surgical resection is the treatment of choice for patients with locally confined disease, but early cancers may be adequately treated by endoscopic 
resection alone. In advanced colorectal cancers, accurate staging including pathological lymph node assessment is crucial for patient counselling and 
decision making. In addition to the extent of surgical lymph node removal and the thoroughness of the pathologist in dissecting the cancer specimen 
lymph node recovery is related to the actual number of regional lymph nodes that is related to patient demographics, tumor location and biology. 
Current guidelines recommend a minimum of twelve nodes harvested as the standard of care. In patients with node-negative tumors a variety of 
histological features may be used for adjusted risk assessment, including histological subtyping, lymphatic and venous invasion, tumor budding and 
tumor necrosis as well as the anti-tumor host inflammatory response which has been identified as favorable feature in several studies. In rectal cancer, 
involvement of the circumferential resection margin and the plane of surgery are important prognostic factors. Early or superficial colorectal cancer 
is defined as invasive adenocarcinoma invading into, but not beyond the submucosa. A number of features require special attention because they are 
used to determine the necessity for radical surgery. In addition to the assessment of completeness of excision, these include the recording of parameters 
that predict the presence of lymph node metastasis, namely the depth of invasion into the submucosa, tumor grade, and the presence of additional risk 
factors, such as angioinvasion and tumor budding. The combination of these parameters allows the stratification of affected individuals into low-risk 
and high-risk categories.
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Patologické hodnocení vzorků kolorektálního karcinomu: pokročilé a časné léze

SOUHRN
U pacientů s lokálně omezeným kolorektálním karcinomem je metodou volby resekce, v některých případech však mohou být časné nádory řešeny také 
endoskopickým zákrokem bez nutnosti operace. U  pokročilých kolorektálních karcinomů hraje při klinickém rozhodování o  optimální léčbě zásadní 
roli přesné určení stadia včetně histopatologického posouzení lymfatických uzlin. Počet odstraněných lymfatických uzlin závisí na rozsahu a komplet-
nosti chirurgického zákroku, pečlivosti patologa při vyšetření uzlin, ale také na demografických parametrech pacienta, lokalizaci nádoru a jeho biolog-
ických vlastnostech. Současná doporučení udávají, že při histopatologickém vyšetření by mělo být standardně nalezeno alespoň 12 uzlin. U nemocných 
s nádory bez uzlinových metastáz může pro posouzení rizika recidivy sloužit celá řada histologických parametrů - kromě histologické typizace, zhod-
nocení invaze krevních a lymfatických cév také identifikace bujení nádoru na periferii (tumor budding), nekrózy a kvantifikace protinádorové zánětlivé 
odpovědi, která byla v několika studiích ověřena jako příznivý prognostický faktor. V případě karcinomu rekta hraje významnou roli postižení radiálního 
(cirkumferentního) resekčního okraje a rozsah chirurgického odstranění mezorekta. Časný (či povrchový) kolorektální karcinom je definován jako in-
vazivní adenokarcinom postihující, avšak nepřesahující submukózu. Při vyšetření je třeba věnovat pozornost celé řadě znaků, jejichž přítomnost ukazuje 
na nutnost radikálního chirurgického řešení. Vedle posouzení kompletnosti excize je vyžadováno vyhodnocení parametrů predikujících přítomnost uzli-
nových metastáz, jako jsou hloubka invaze submukózy, grade a přítomnost dalších rizikových faktorů, jako angioinvaze či tumor budding. Kombinace 
těchto parametrů umožní stratifikovat nemocné do skupin s nízkým a vysokým rizikem.
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Colorectal cancer (CRC) is the third most common cancer 
worldwide in men and the second in females. In the United 
States, approximately 96,830 new cases of colon cancer and 
40,000 new cases of rectal cancer have been estimated for 2014. 

For the same time period, 50,310 deaths from colorectal can-
cer have been calculated, accounting for about 9 % of all cancer 
deaths (1).

The pathological work-up of cancer specimens plays a  cen-
tral role in patient counselling and decision making, concern-
ing both advanced and early lesions. In advanced CRC, accurate 
staging including thorough lymph node assessment is inevita-
ble. Although tumor staging according to the AJCC/UICC TNM 
system is currently regarded as the standard for staging of 
patients with CRC, this system seems to be of limited value in 
predicting the outcome of patients with intermediate levels of 
disease (2). A variety of histological features may be used for risk 
assessment in these cases. In early CRC, the decision for addi-
tional surgery after primary endoscopic treatment is almost ex-
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clusively based upon the histological evaluation of the resection 
specimen. Only cases that lack features indicating increased risk 
of lymph node metastasis can be cured by local therapy alone 
(3,4).

In this review, we will summarize the histological features of 
CRC which are pivotal for clinical management and hence need 
to be addressed in the pathology report, with special focus on 
advanced and early lesions. Data for this review were compiled 
using MEDLINE/PubMed and Thomson Reuters Web of Science®, 
assessing articles published before April 2014. Only articles 
published in English were considered.

ADVANCED LESIONS

A. Lymph node evaluation

For patients with CRC, the indication for adjuvant therapy is 
mainly guided by the presence of positive lymph nodes (5,6). It 
is a matter of fact that both the extent of surgical lymph node 
removal and the thoroughness of the pathologist in dissecting 
the resection specimen may have severe impact on the clinical 
significance of lymph node staging. Several parameters that are 
related to the pathological work-up of the dissected nodes have 
to be considered. These include changing definitions of lymph 
nodes, involved lymph nodes, and tumor deposits in different 
editions of the AJCC/UICC TNM system as well as the minimum 
number of nodes that need to be dissected (7). Outcome predic-
tion based on the lymph node ratio, defined as the number of 
positive lymph nodes divided by the total number of retrieved 
nodes, may be superior to the absolute numbers of involved 
nodes. Extracapsular invasion has been identified as addition-
al prognostic factor. The clinical value of more recent technical 
advances, such as sentinel lymph node biopsy and molecular 
analysis of lymph nodes tissue still remains to be defined (8). 

Minimum number of lymph nodes
Manual dissection with subsequent histological assessment 

based on routinely hematoxylin and eosin (H&E) stained slides 
is the standard approach in the examination of regional lymph 
nodes in cancer specimens (8). The conventional hypothesis 
is that by examining more lymph nodes, the accuracy of stag-
ing will be improved. An established body of evidence exists, 
demonstrating an association between a  higher total lymph 
node count and improved survival, particularly in stage II dis-
ease, whereas in node positive cancers the relation between 
survival and lymph node harvest is less clear (9).

There is, however, ongoing debate regarding the optimal 
number of lymph nodes required for adequate staging. The 
evaluation of at least 12 lymph nodes is currently regarded as 
standard of care and widely cited in clinical guidelines (10-14). 
This number was first proposed 1990 by the Working Party Re-
port to the World Congress of Gastroenterology in Sydney (15). 
Arguing against the minimum of 12 lymph nodes required for 
adequate staging several authors have suggested other cut-off 
values ranging from 6 to 21 (9).

The variability in the number of retrieved lymph nodes re-
mains to be a major problem in patient management since of-
ten the recommended minimum number of 12 lymph nodes is 
not achieved (16). This may be due to differences in the extent 
of surgical lymph node removal, the thoroughness of the pa-
thologist in dissecting the cancer specimen, and/or the actual 
number of regional lymph nodes that is found to be related to 
patient demographics, tumor location and biology (9,17). In rec-
tal cancer, the increasing use of neoadjuvant therapy represents 
another important factor since under combined chemo- and 

radiotherapy regional lymph nodes undergo a  process of re-
gression and remain undetectable during routine pathological 
work-up (18). Despite these limitations lymph node harvest is 
widely used as a marker of quality control in colorectal cancer 
treatment, since it is easily measured and comparably between 
centers (19). 

Fat clearing methods, methylene blue-assisted lymph node 
dissection, as well as acetone elution with subsequent com-
pression of adipose tissue (“acetone compression”) have been 
introduced as techniques to increase the lymph node harvest, 
resulting in dramatically increased lymph node counts (21,22). 
However, according to recent data, the application of these 
techniques may not be associated with increased detection of 
positive nodes (18,22). 
 
Lymph node ratio 

The presence of positive lymph nodes defines stage III dis-
ease. However, due to the recognized variability of lymph nodes 
across individuals and inadequacy of lymph node harvest in 
a considerable amount of patients it may be more appropriate 
to investigate the percentage of positive nodes rather than just 
the absolute number (8,9). In this regard, the lymph node ratio, 
which is defined as the number of positive lymph nodes divided 
by the total number of retrieved nodes, has gained increasing 
attraction in recent years (23-25). 

The lymph node ratio was identified as an independent pre-
dictor of disease-free survival, overall survival, and cancer-spe-
cific survival, irrespective of the number of nodes examined, 
and it remained independent even after neoadjuvant therapy, 
despite reduction of the absolute number of retrieved nodes 
(26,27). Although data suggest that a  higher lymph node ra-
tio equates to worsening survival, debate remains concerning 
the ideal cut-off value for accurate outcome prediction. Pathol-
ogists need to be aware of the fact that the numerical values 
of the lymph node ratio will be disproportionally high if the 
total lymph node harvest is under-representative. Therefore, 
although the lymph node ratio was introduced to overcome 
dependence on absolute lymph node numbers, the calculation 
of an accurate lymph node ratio still relies on an adequate total 
lymph node harvest (9).

Technical aspects
The appropriate number of sections that should be made 

during the histological lymph node evaluation has not yet been 
determined, and recommendations in this regard are currently 
lacking in international guidelines (12-14). Increasing the num-
ber of sections and/or levels may, however, increase the detec-
tion of metastatic deposits, thereby increasing the diagnostic 
accuracy. 

Indirect evidence can be derived from studies evaluating 
the value of sentinel node biopsy procedures in patients with 
CRC. From these studies we know that the extent of pathologi-
cal work-up significantly affects the clinical performance of the 
concept, since several studies showed that lymph nodes initially 
classified as negative by routine H&E staining were in fact posi-
tive after extensive evaluation (28-30). According to a recent me-
ta-analysis, adding step sectioning and immunohistochemistry 
(using antibodies directed against pankeratin) to the work-up 
of sentinel nodes results in a mean upstaging of 18.9% (range 
0 - 50%). True upstaging defined as micrometastases (pN1mi+) 
rather than isolated tumor cells (pN0(i+)) is 7.7% (31).

B. Histological Subtypes

Approximately 90% of CRCs are adenocarcinomas. For the re-
sidual cases, the World Health Organization (WHO) classification 
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of carcinomas of the colon and rectum lists several distinct his-
tological variants or subtypes which often carry distinct prog-
nostic significance (Table 1) (32).

Mucinous adenocarcinoma
Mucinous adenocarcinomas constitute 4 - 19 % of CRC world-

wide (33). The designation is used when more than 50 % of the 
lesion is composed of pools of extracellular mucin that contain 
malignant epithelium as acinar structures, layer of tumor cells, 
or individual tumor cells including signet ring cells (Fig. 1A). Car-
cinomas with extracellular mucin covering less than 50 % of the 

tumor are categorized as having a mucinous component (32).
The prognostic value of mucinous differentiation in CRC re-

mains controversial. According to a recent meta-analysis, muci-
nous differentiation leads to a 2 - 8 % increased hazard of death, 
which persists after correction for stage (34). It is of interest that 
the prognostic value may vary depending on tumor location. 
Thus, in rectal cancer mucinous histology has been shown to 
indicate poor outcome, whereas it was a protective survival in-
dicator in right-sided colon cancer (35). This may be due to the 
fact, that right-sided mucinous adenocarcinomas are often mi-
crosatellite instable (36). Hence, grading of mucinous cancers 
is, if at all done mainly by molecular analysis: mucinous cancers 
that are high-level microsatellite instable (MSI-H) are considered 
low-grade, while those that are microsatellite stable (MSS) or 
show low-level MSI (MSI-L) are considered high-grade (32,34). 
The outcome of adenocarcinomas with a mucinous component 
does not seem to differ from that of classical adenocarcinomas 
(33). 

Signet ring cell carcinoma
About 1 % of CRC are signet ring cell carcinomas (37,38).This 

subtype is defined by the presence of more than 50 % of tu-
mor cells with prominent intracytoplasmic mucin, typically with 
displacement and molding of the nucleus (Fig. 1B). Carcinomas 
with signet ring cells covering less than 50 % of the tumor are 
categorized as adenocarcinoma with a signet ring cell compo-
nent (32). 

Signet ring cell carcinomas mainly occur as right-sided tum-
ors. Patients present at higher tumor stage, and the prognosis is 
usually poor (37,38). Already a minor signet ring cell carcinoma 
may cause adverse outcome. Sung et al. (39) demonstrated that 
mucinous adenocarcinomas with signet ring cells have a  sig-
nificantly poorer disease-specific survival compared to tumors 
without signet ring cells, indicating the need to report a  sig-
net ring cell component, i.e. the percentage of signet ring cells 
when present.

Finally, tumors with signet ring cell differentiation (and to 
a lesser extent also cancers with mucinous differentiation) have 
a  propensity to cavitary metastatic spread with metastases to 
the peritoneum and ovaries. This is in contrast to conventional 

Histological Subtypes
•	 Markers of adverse outcome: 
o Signet ring cell carcinoma 
o Micropapillary adenocarcinoma 
o Undifferentiated carcinoma

•	 Marker of favorable outcome: 
o Medullary carcinoma

•	 Marker of limited value or still unclear significance: 
o Mucinous adenocarcinoma

Tumor growth characteristics and anti-tumor host response
•	 Markers of adverse outcome: 
o Poor tumor differentiation 
o Lymphatic invasion 
o Venous invasion 
o Perineural invasion 
o Tumor budding 
o Tumor necrosis

•	 Markers of favorable outcome: 
o Inflammation at the invasive tumor margin 
 (Klintrup-Mäkinen Score) 
o Anti-tumor immune response (Ogino Score) 
o Tumor-associated eosinophils

•	 Marker of limited value or still unclear significance: 
o Tumor-associated macrophages

Table 1. Established and novel histological markers for the prognostication 
of patients with colorectal cancer.

Fig. 1. Histological variants of colorectal can-
cer. A, mucinous adenocarcinoma character-
ized by abundant extracellular mucin produc-
tion. B, signet ring cell carcinoma with prom-
inent intracytoplasmic mucin deposition, 
causing displacement and molding of tumor 
cell nuclei. C, medullary carcinoma character-
ized by sheets of malignant cells with vesicular 
nuclei with prominent nucleoli and prominent 
lymphocytic infiltration of the tumor tissue. D, 
micropapillary adenocarcinoma with charac-
teristic small papillary and trabecular tumor 
cell clusters within stromal spaces mimicking 
vascular channels.
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colorectal adenocarcinomas that metastasize predominantly to 
liver and lungs (40).

Medullary carcinoma 
This rare mainly right-sided subtype is characterized by sheets 

of malignant cells with vesicular nuclei with prominent nucleoli, 
and abundant eosinophilic cytoplasm exhibiting prominent in-
filtration by intraepithelial lymphocytes (Fig. 1C) (32). Medullary 
carcinomas are almost invariably MSI-H and usually have a  fa-
vorable prognosis: Follow-up data showed 1- and 2- year surviv-
al rates of 92.7 % and 73.8 %, respectively (41,42). 

Micropapillary adenocarcinoma 
This subtype is defined by small papillary tumor cell clus-

ters within stromal spaces mimicking vascular channels (Fig. 
1D). The pattern is mainly seen as a minor component of con-
ventional adenocarcinoma (32). Upon immunohistochem-
istry, micropapillary adenocarcinoma shows a  characteristic 
“inside-out” staining-pattern, i.e. reversed polarity for MUC1 
(EMA) and villin (43).

Adenocarcinomas with a  micropapillary component bear 
a high malignant potential with higher frequency of infiltrative 
pattern, lymphovascular and perineural invasion, as well as in-
creased likelihood of positive lymph nodes compared to con-
ventional adenocarcinomas (43,44). It is of note that already 
a small micropapillary component, such as 5 - 10% of the tumor 
area may significantly increase the risk of local (40 - 74 %) and 
distant (8 - 16 %) metastatic spread (43).

C. Prognostic variables

CRC is known to show different patterns of growth and inva-
sion, which have been linked with prognosis in several studies. 
Within the last decade, the anti-tumor host response, charac-
terized by intra- and/or peritumoral inflammation has similarly 
attracted attention and has been characterized as additional 
prognostic feature (Table 1).

Lymph and blood vessel invasion 
The invasion of tumor cells into lymph or blood vessels plays 

a  crucial role in the metastatic process. Lymphatic invasion 
is diagnosed, when tumor cells are present in vessels with an 
unequivocal endothelial lining, yet lacking a  thick (muscular) 
wall (Fig. 2A). Blood vessel invasion refers to the involvement of 
veins and is characterized histologically by the presence of tu-
mor cells in vessels with a thick (muscular) wall or in vessels con-
taining red blood cells (Fig. 2B) (45). In some studies, both types 
of vascular invasion have been lumped together and referred 
to as “lymphovascular invasion” or simply as “vascular invasion”, 
which is problematic, since the term lymphovascular invasion 
in other studies refers only to lymphatic invasion and the term 
vascular invasion only to venous invasion (45).

Despite these limitations, both lymph and blood vessel in-
vasion have emerged as major prognostic variables in patients 
with CRC, and, consequently, both the Association of Directors 
of Anatomic and Surgical Pathology (46) and the College of 
American Pathologists (12) emphasize the recording of vascu-
lar invasion during the routine pathological work-up of cancer 
specimens. 

We recently evaluated the prognostic significance of lym-
phatic and venous invasion in a  large cohort of patients with 
CRC (47). The prognostic value of venous invasion was superi-
or to lymphatic invasion, the prognostic impact of extramural 
invasion superior to intramural invasion, respectively. In multi-
variate analysis, the prognostic impact of venous invasion was 
comparable to that of T classification, stronger than that of tu-

mor grade and lymphatic invasion, yet inferior to that of lymph 
node metastasis. In AJCC/UICC stage II tumors, venous invasion 
proved to be an independent predictor of both disease progres-
sion and cancer-related death. 

Venous invasion is widely believed to be an underreported 
finding with significant variability in its reported incidence (48). 
The Royal College of Pathologists recommends that pathology 
departments audit their reports at regular intervals to ensure 
that their overall results are not significantly different from what 
might be expected (10). In particular, these guidelines state that 
the frequency of extramural venous invasion should be at least 
25%. 

In our study the prognostic value of angioinvasion assessed 
by review pathology was superior to routine pathology (47). 
Although the rate of vascular invasion, especially lymphatic in-
vasion, was comparable, false positive reports, mostly resulting 
from overestimation of retraction artifacts, and false negative 
reports were noted in comparable frequencies. These observa-
tions illustrate the need for high quality pathology reporting 
and quality control, but they also clearly demonstrate that qual-
ity standards merely relying on the fulfillment of target values, 
e.g. the frequency of vascular invasion can be misleading (47). 
Ancillary techniques, such as Elastica van Gieson and immunos-
taining for CD31 and D2-40 for the detection of endothelial cells 
as well as alpha smooth muscle actin for the detection of ves-
sel walls may increase the diagnostic accuracy in difficult cases 
(49,50).

Perineural invasion
Perineural invasion is defined by tumor cell invasion of nerv-

ous structures, as illustrated by neoplastic invasion of nerves 
and/or spread along nerve sheaths (Fig. 2C). Its presence consti-
tutes a process for neoplastic invasion and cancer spread, inde-
pendent of blood and lymphatic vessels (51).

Perineural invasion is more common in tumors with an ag-
gressive phenotype, as illustrated by significant associations 
with lymph and blood vessel invasion, tumor growth pattern 
and budding, as well as poor tumor differentiation (52). The 
prognostic significance of perineural invasion has been investi-
gated by several groups, proving this marker to be an independ-
ent predictor of adverse outcome, with respect to both disease 
progression and survival (52,53). In rectal cancer, node-negative 
tumors with perineural invasion were shown to have a 2.5-fold 
higher 5-year local recurrence rate than tumors without per-
ineural invasion (22.7 % versus 7.9 %) (54). Likewise, in rectal 
cancers with clear resection margin (R0 resection), perineural in-
vasion proved to be the only independent predictor of local tu-
mor progression (adjusted hazard ratio = 5.62, 95 % confidence 
interval = 1.97 - 15.99, p  = 0.001) (52).

Tumor budding
Histological growth characteristics at the invasive front reflect 

tumor aggressiveness and have thus been considered as prog-
nostic markers in CRC (55). Tumor budding has been defined 
as the presence of isolated single cells or small clusters of cells 
composed of less than five cells, scattered in the stroma at the 
invasive tumor margin (Fig. 2D) (56,57). Biologically, tumor bud-
ding is closely related to the process of epithelial-mesenchymal 
transition (EMT). During EMT, epithelial cells lose intercellular 
and cell-matrix contacts mediated by E-cadherin, and the tumor 
cell complexes dissociate, thereby promoting invasion and ulti-
mately metastatic cancer spread (58).

Several studies proved tumor budding to be a  major prog-
nostic marker, independently predicting high risk of recurrence 
and poor survival (56,57,59,60). In patients with AJCC/UICC 
stage II disease the extent of tumor budding could be used to 
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Fig. 2. Histological prognostic variables in colorectal cancer. A, lymphatic invasion is diagnosed when tumor cells are pres-
ent in vessels with an unequivocal endothelial lining, yet lacking a thick (muscular) wall. B, venous invasion is characterized 
histologically by the presence of tumor cells in vessels with a thick (muscular) wall or in vessels containing red blood cells. 
C, perineural invasion is defined by tumor cell invasion of nerves and/or spread along nerve sheaths. D, tumor budding is 
characterized by the presence of isolated single cells or small clusters of cells composed of less than five cells scattered in 
the stroma at the invasive tumor margin. E, coagulative tumor necrosis reflects chronic ischemic injury due to rapid tumor 
growth. Assessing the anti-tumor inflammatory response is a new promising prognostic tool which commonly indicates 
favorable outcome: F, marked overall inflammation at the tumor margin, characterized by a mixed inflammatory infiltrate 
with destruction of cancer cell islets; G, anti-tumor immune response, characterized by dense peritumoral lymphocytic infil-
tration; H, eosinophilic infiltration of the tumor area (“tumor-associated tissue eosinophilia”).
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select patients at high risk for recurrence for adjuvant therapy 
(61-64). Currently budding appears to be the most interesting 
prognostic variable in CRC. However, it has often been criticized 
because of non-standardized criteria for evaluation and unclear 
reproducibility of the numerous methods for tumor budding 
measurement (65). 

To overcome these problems, Karamitopoulou et al. (66) re-
cently presented a 10-high-power-fields method for the assess-
ment of tumor budding. According to this proposal, high-grade 
budding can be defined as an average of ≥ 10 buds across 
10-high-power-fields and was significantly associated with 
higher tumor grade, vascular invasion, infiltrating tumor bor-
der configuration, higher TNM stage, and poor outcome. Mul-
tivariate analysis confirmed the independent prognostic effect 
of tumor budding when adjusted for TNM stage and adjuvant 
therapy (66). In a second publication, the same group of authors 
applied this system selectively to AJCC/UICC stage II tumors. 
In this study only tumor budding had significant prognostic 
effects on patient survival, with high prognostic accuracy over 
10-year follow-up (67).

In 2012, Ueno et al. (68) proposed a new grading system for 
CRC based upon the quantification of “poorly differentiated 
clusters”. These are defined as clusters of ≥ 5 cancer cells infiltrat-
ing the stroma at the invasive tumor margin and lacking gland-
like structures. These poorly differentiated clusters affected out-
come, independent of T and N classification. Morphologically, 
poorly differentiated clusters are closely related to tumor bud-
ding (the nests are slightly larger) and also to the micropapillary 
variant of CRC (compare above). Future studies are needed to 
prove the originality of poorly differentiated clusters, as histo-
logical feature and as prognostic variable.

Tumor necrosis
Tumor necrosis has been related to rapid tumor growth and 

consequent chronic ischemic injury (Fig. 2E). Increased cel-
lular hypoxia correlates with increased metastatic potential 
and worse prognosis as well as resistance to radiotherapy and 
chemotherapy in several types of cancer (69-72).

Studies assessing the prognostic value of tumor necrosis in 
CRC are rare. In the study by Pollheimer et al. (73), the extent 
of necrosis was significantly associated with T classification, N 
classification, TNM stage, poor tumor differentiation, large tu-
mor size, and angioinvasion. Tumor necrosis was identified as 
independent predictor of progression free and cancer specific 
survival in multivariate analysis. These findings were validated 
by other groups. (74-76). Richards et al. (74,75) noted an asso-
ciation between tumor necrosis and the host systemic as well 
as the local inflammatory response (intra/peritumoral inflam-
matory infiltrate). The authors provided supportive evidence for 
the hypothesis that tumor necrosis is associated with elevated 
circulating IL-6  and VEGF concentrations, thereby modulating 
both local and systemic inflammatory responses as well as an-
giogenesis which, in turn, may promote tumor progression and 
metastasis (77). 

Inflammatory response
The anti-tumor inflammatory response is a  distinct histo-

logical feature and a  new promising prognostic factor in CRC 
pathology. In contrast to the histological features presented 
above, which all reflect tumor aggressiveness, the inflamma-
tory cells act as “defenders”, their presence generally indicating 
favorable outcome. Several aspects need to be considered: the 
overall inflammatory response at the tumor margin, the anti-tu-
mor immune response, characterized by lymphocytic intra-/
peritumoral infiltration and the infiltration by eosinophils and 
macrophages.

The Klintrup-Mäkinen criteria (78) are widely used to score 
the intensity of inflammation at the invasive tumor margin (Fig. 
2F). This is done using a four-degree scale which takes into con-
sideration the numbers of neutrophilic and eosinophilic gran-
ulocytes, lymphoid cells and macrophages and their relation 
to the invading tumor (with or without destruction of cancer 
cell islets). The favorable effect of high-grade inflammation was 
first shown by Klintrup et al. (78), and later confirmed by others 
(74,79).

Ogino et al. (80) developed a scoring system for the anti-tu-
mor immune response, based upon the evaluation of four dis-
tinct features: tumor-infiltrating lymphocytes, intra-/peritumor-
al lymphocytic stroma infiltration, and Crohn’s-like lymphoid re-
action (Fig. 2G). The lymphocytic anti-tumor immune response 
has been associated with MSI-H status (81) and favorable prog-
nosis in several studies (82,83). Recent data suggest that specific 
immunotyping of the infiltrate (“immunoscore”) may be of ad-
ditional prognostic value (84), in particular if assessed together 
with tumor budding (85).

The prognostic value of tumor-associated eosinophils and 
macrophages is less well established. Eosinophilis are easy-as-
sessable in routine pathology and therefore of major interest. 
Increased numbers have been favorably associated with disease 
recurrence and survival in several studies (Fig. 2H) (82,86,87). 
A high number of CD68-positive macrophages have been iden-
tified as favorable histological feature (88,89).

D. Circumferential margin

Total mesorectal excision (TME) is considered the standard of 
care for rectal cancer treatment. Failure to remove the entire me-
sorectum may explain local and distant recurrences. Several stud-
ies suggest that the quality of the mesorectum after TME surgery 
(as determined by pathological evaluation) may have influence 
on prognosis. A muscularis propria resection plane (“incomplete” 
excision) was found to increase the risk of local recurrence (hazard 
ratio (HR) 2.72; 95% confidence interval (CI) 1.36 to 5.44) and over-
all recurrence (HR 2.00; 95% CI 1.17 to 3.42) compared to an (in-
tra)mesorectal plane (“complete” or “nearly complete” excision). 
Hence, the plane of surgery is an important prognostic factor, and 
the documentation by pathologists is essential for the improve-
ment of TME quality and patient outcome (90).

There is strong relationship between the plane of surgery 
and involvement of the circumferential resection margin. Since 
the initial description of its clinical importance in 1986, the in-
volvement of this margin (also called lateral or radial resection 
margin) has been associated with poor prognosis. Nagtegaal 
and Quirke demonstrated that, after neoadjuvant therapy (both 
radiotherapy and radiochemotherapy), the predictive value of 
the circumferential resection margin for local recurrence is sig-
nificantly higher than when no preoperative therapy has been 
applied (HR 6.3 vs. 2.0, respectively). Furthermore, involvement 
of the circumferential resection margin is a powerful predictor 
of both development of distant metastases (HR 2.8; 95% CI 1.9 
to 4.3) and survival (HR 1.7; 95% CI 1.3 to 2.3) (91).

Very recently, the EURECCA consensus conference on multi-
disciplinary management of colorectal cancer stressed the im-
portance of the circumferential resection margin (92). Minimal 
requirements for margin assessment in rectal cancer include 
the following (93): Reporting margins of excisions is mandato-
ry in all pathology reports, and the R classification should only 
be reported in conjunction with clinical information (e.g. R1 
resection = positive microscopic margin without gross residual 
disease); the distance to the circumferential resection margin 
should be recorded in cross-sectional slices, and 1 mm or less 
is considered involved; not only the primary tumor is relevant, 
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but any tumor involvement, including discontinuous spread 
(“tumor satellites”), positive nodes as well as lymphatic, venous, 
or perineural invasion.

EARLY LESIONS

Early or superficial colorectal cancer is defined as invasive ad-
enocarcinoma invading into, but not beyond the submucosa. 
While the principles of pathological reporting are the same as in 
major resections, a number of features require special attention 
in local excision of early cancers with curative intent because 
they are used to determine the necessity for radical surgery (10). 
In addition to the assessment of completeness of excision, these 
include the recording of parameters that predict the presence of 
lymph node metastasis, namely the depth of invasion into the 
submucosa, tumor grade, and the presence of additional risk 
factors, such as angioinvasion and tumor budding. Ultimately, 
the pathology report should sum up these features and des-
ignate early cancer lesions as low-risk or high-risk regarding 
regional lymph node spread (based upon the combination of 
these factors).

A. Specimen handling 

Specimen handling is an important issue, as poor handling 
can impair diagnostic accuracy. The handling starts with the 
local excision of the tumor and ends with the histopatholog-
ical diagnosis and report. The European guidelines for quality 
assurance in colorectal cancer screening and diagnosis stress 
the need for a close relationship between clinicians and histo-
pathologists (65).

Polyps must be sliced and totally embedded. While smaller 
polyps may be bisected through the stalk (or resection mar-
gin), larger polyps should be trimmed to leave a central section 
containing the intact stalk (or resection margin). The resection 
margin deserves special attention: It should be either dissect-
ed tangentially (into an extra cassette) or sliced in a  way that 
allows complete assessment. For mucosal excisions, performed 
endoscopically or, in the case of early rectal tumors, under direct 
vision it is helpful to pin out specimens on a cork board or an-
other suitable type of material, with mucosal surface upwards. 
The needles should be inserted through the periphery of the 
specimen, and should not be placed directly through a lesion. 
The specimens should be transversely sectioned into 3 mm slic-
es and submitted for histology in sequentially labeled cassettes, 
so that involvement of the deep and lateral surgical margins can 
be evaluated. Inking margins is recommended. In general, three 
or more levels should be cut through each block (10,65).

B. Depth of invasion

The depth of invasion into the submucosal layer can be as-
sessed using the Haggitt (for pedunculated lesions) or Kikuchi 
(for non-polypoid lesions) classification systems or by direct 
measurement (65). 

The Haggitt classification system (94) is defined as follows: 
level 1, carcinoma invading into the submucosa, limited to the 
head of the polyp; level 2, carcinoma invading to the level of 
the neck (the junction of the head and stalk) of the polyp; level 
3, carcinoma invading any part of the stalk; level 4, carcinoma 
invading into the submucosa of the bowel wall below the level 
of the stalk but above the muscularis propria.

Kudo (95) developed a  classification system for flat and de-
pressed types of early colorectal cancer, classifying the depth of 
penetration into three segments termed sm1, sm2 or sm3. Ki-

kuchi et al. (96) modified the Kudo classification by dividing the 
submucosa into three parts: sm1, tumor invasion of the upper 
third of the submucosa; sm2, tumor invasion of the middle third 
of the submucosa; sm3, tumor invasion of the lower third of the 
submucosa. There is a significantly higher risk of nodal metastasis 
for sm3 (12-25 %) compared with sm1 and sm2 lesions (0-8 %), 
which has been confirmed in two recent meta-analyses (3,4).

The Kikuchi classification system cannot be accurately applied 
in the absence of muscularis propria, i.e. for the majority of local 
excisions. For these specimens direct measurement of the abso-
lute thickness of invasion, from the muscularis mucosae to the 
leading edge of invasion, is recommended. Different cut-off val-
ues have been introduced, and meta-analyses proved invasion 
>1000 µm and >2000 µm into the submucosa to be significantly 
related with increased risk of lymph node metastasis (3,4).

C. Lymph and blood vessel invasion

As in advanced lesions the presence of angioinvasion is an im-
portant prognostic variable and is significantly associated with an 
increased risk of regional lymph node spread (97-99). In the seminal 
paper by Hassan et al. (100) lymphovascular invasion was present 
in 18 % of malignant polyps. Lymph node metastasis occurred in 
35 % of polyps when lymphovascular invasion was present and in 
7 % when it was absent. In fact, two recent meta-analyses identified 
lymphatic invasion as the most powerful predictor of lymph node 
metastasis in early lesions (3,4). Regarding lymphatic invasion, the 
sensitivity and specificity of nodal involvement were calculated 
as 69.5 % and 73.8 %, respectively (4). The prognostic impact of 
venous invasion is less well established, and in many studies no 
(independent) prognostic significance was identified. For venous 
invasion, the sensitivity and specificity of nodal involvement were 
calculated as 33.9 % and 82.3 %, respectively (4). 

D. Tumor budding

Tumor budding has been presented as promising new prog-
nostic factor for advanced lesions. In early CRCs, studies assess-
ing the prognostic value of tumor budding are still comparably 
rare. In the study by Tateishi et al. (99) budding was observed 
in one third of cases. When budding was positive 20.6 % of 
patients had lymph node metastases, compared to 8 % when 
budding was negative. In the study by Ueno et al. (101) lymph 
node metastasis was present in 42.1 % of tumors classified as 
positive for tumor budding. Although tumor budding proved to 
be a powerful predictor of regional lymph node metastasis in 
two recent meta-analyses (3,4), it is currently not recommended 
for routine use in the European Guidelines for Quality Assurance 
in Colorectal Cancer Screening and Diagnosis (65).

E. Tumor grade

Assessing tumor differentiation, i.e. tumor grade represents 
the most traditional prognostic tool in cancer pathology. Poorly 
differentiated carcinomas are identified by predominantly solid 
tumor growth with less than 50 % gland formation (32). In the 
absence of good evidence, the European Guidelines for Quality 
Assurance in Colorectal Cancer Screening and Diagnosis recom-
mend to diagnose early cancers as poorly differentiated when 
ANY area of the lesion shows poor differentiation (65).  

Poor differentiation is an unusual finding in malignant polyps 
of the colon and rectum, occuring more frequently in sessile 
compared to pedunculated polyps. In the study by Hassan et al. 
(100), poor differentiation was associated with a statistically sig-
nificant increase in positive lymph nodes (23 % vs. 7 %), distant 
metastasis (10 % vs. 3 %), and cancer related death (15 % vs. 2 %).
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F. Resection margin status

The European Guidelines for Quality Assurance in Colorectal 
Cancer Screening and Diagnosis (65) stress the importance to 
record whether the deep (basal, vertical) resection margin is 
involved by invasive tumor (that may be a  reason for further 
surgery) and/or whether the lateral mucosal resection margin 
is involved by cancer or the preexisting adenoma (in which case 
a further local excision may be attempted). A positive resection 
margin is significantly more frequent in sessile compared to pe-
dunculated polyps. In the study by Hassan et al. (100), residu-
al and recurrent disease occurred in 30 % and 17 % of patients 
with positive resection margin compared to 3 % and 1 % of pa-
tients with negative resection margin. Butte et al. (102) reported 
residual invasive disease in the colon wall in 8 of 50 (16 %) with 
<1 mm (positive) polypectomy margin and 0 of 44 with ≥1 mm 

(negative) polypectomy margin. The authors of the European 
Guidelines recommend that clearance of 1 mm or less should 
indicate margin involvement (65).

G. Prognostic stratification: low- or high-risk lesion? 

In many cases, early CRCs will have more than one risk factor for 
residual disease and/or lymph node metastasis. By combination 
of these factors, in particular depth of invasion, angioinvasion, 
tumor grade, and resection margin status, risk stratification of af-
fected individuals into low-risk and high-risk groups is possible. 
Ueno et al. (101) reported lymph node metastasis to occur in 0.7 % 
of tumors with no risk factor, compared to 20.7 % of those with 
a single risk factor, and 36.4 % of those with multiple risk factors.

A  low-risk early colorectal cancer is defined as a completely 
excised Haggitt level 1-3 or Kikuchi sm1 adenocarcinoma with 
no evidence of poor differentiation, high grade tumor budding, 
lymphatic or venous invasion. For these tumors local excision is 
generally regarded adequate treatment, as the risk of failure is 
less or equal to the risk of death from surgery. In contrast, sur-
gical resection is indicated for high-risk lesions, which show at 
least one of the following features: Haggitt level 4 or Kikuchi 
sm3 invasion, presence of lymphatic (or venous) invasion, poor 
differentiation, high grade tumor budding, or positive resection 
margin (Fig. 3) (65,103,104). In the study by Hassan et al. (100), 
58 % of lesions were classified as low-risk, the remaining 42 % 
as high-risk. In low-risk lesions, reported frequencies of residual 
disease, recurrent disease, and lymph node metastasis were 
1.2 %, 0 %, and 5.1 %. In high-risk lesions, residual disease, recur-
rent disease, and lymph node metastasis occurred in 21.4 %, 
9.2 %, and 11.2 % of lesions, respectively.

CONCLUSION

In advanced CRC, accurate staging including thorough 
lymph node assessment is crucial for patient counselling and 
decision making since the indication for adjuvant therapy is 
mainly guided by the presence of regional lymph node metas-
tasis. Current guidelines recommend a minimum of 12 nodes 
harvested as the standard of care. In node-negative patients 
a variety of histological features may be used for adjusted risk 
assessment, including histological subtyping, lymphatic and 
venous invasion, tumor budding and necrosis as well as the 
anti-tumor host inflammatory response which has been iden-
tified as favorable feature. In rectal cancer, involvement of the 
circumferential resection margin and the plane of surgery are 
important prognostic factors. Standard risk assessment of ear-
ly CRCs following local excision is based upon the evaluation 
of different histological risk parameters, such as depth of in-
vasion, angioinvasion, budding, tumor grade, and resection 
margin status. The combination of these parameters allows 
the stratification of affected individuals into low-risk and high-
risk categories.

Fig. 3. Risk of regional lymph node metastasis in patients with early colorec-
tal cancer: The subdivision into low- and high-risk groups is based upon the 
combination of different histological parameters.
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... takmer všetky oligoastrocytómy je možné 
klasifikovať buď ako oligodendroglióm, 
alebo ako astrocytóm 

Posledná WHO klasifikácia rozlišuje diagnostickú jednotku oli-
goastrocytóm (OA) ako infiltrujúci zmiešaný glióm II. alebo III. 
stupňa malignity. Exaktné diagnostické kritériá ale nie sú uvede-
né, vrátane minimálneho percentuálneho zastúpenia oligo- ale-
bo astocytovej zložky tumoru. OA je definovaný len prítomnos-
ťou oligodendrogliovej aj astrocytovej diferenciácie. Nie pre-
kvapivým následkom je potom extrémna variabilita frekvencie 
diagnózy OA v  rozličných centrách. Od začiatku existencie OA 
sa objavovali pochybnosti, či ide naozaj o  zmiešaný tumor na 
genetickej či biologickej úrovni, alebo je len prejavom nemož-
nosti exaktne tieto tumory klasifikovať. Autori práce študovali 
43 OA z  hľadiska histomorfológie, imunohistochémie a  in situ 
hybridizácie vo vzťahu k markerom: IDH1, TP53, ATRX a 1p/19q 
LOH. Väčšina astrocytómov nesie TP53 a  ATRX mutáciu, typic-
kým znakom oligodendrogliómov je 1p/19q LOH, oba typy 
tumorov majú spoločnú častú mutáciu IDH. Cytoplazmatická 
pozitivita IDH1, silná nukleárna pozitivita na P53, strata expre-
sie ATRX a FISH dokázaná 1p/19q LOH sú pokladané za dôkaz 
neoplastickej povahy gliových buniek. Alelická strata 1p/19q je 
znakom oligodendrogliómov, zatiaľ čo akumulácia P53 a strata 
ATRX exprese je molekulárnym podkladom astrocytómov. V 30 

prípadoch išlo o OA so alelickou stratou 1p/19q, ich astrocytár-
na zložka bola negat. na IDH1, P53, stratu ATRX a  tiež 1p/19q 
LOH, tieto tumory boli teda oligodendrogliómy s  reaktívnou 
astrocytovou gliózou (napodobujúcou astrocytóm). 11 tumorov 
malo v oboch zložkách pozorovateľnú P53 akumuláciu a stratu 
ATRX, pri negativite 1p/19qLOH, čiže išlo o astrocytómy. Jeden 
tumor mal v oboch zložkách kodeléciu 1p/19q, pri chýbaní P53 
a ATRX, tento tumor bol interpretovaný ako oligodendroglióm. 
Zachytený bol jediný geneticky hybridný tumor (1p/19q LOH+, 
ATRX-, P53+), zároveň to bol ale jediný tumor zo súboru s pred-
chádzajúcou iradiáciou, ktorá mohla byť príčinou P53 akumu-
lácie. Z výsledkov práce vyplýva, že rutinné použitie imunohis-
tochémie na IDH1, ATRX a P53 a FISH na 1p/19qLOH môže prak-
ticky úplne eliminovať kategóriu oligoastrocytómu.

Z  vlastnej praxe vieme, že diagnóza oligoastrocytómu je 
značne subjektívna. Po zavedení FISH diagnostiky na 1p/19q 
sme pozorovali pokles frekvencie tejto diagnózy (s tendenciou 
1p/19qLOH pozitívne OA označovať skôr ako oligodendrog-
liómy). Zavedenie ATRX imunohistochémie do rutinnej dia-
gnostickej praxe pravdepodobne trend postupného zániku oli-
goastrocytómu urýchli.

Zdroj: 
Sahm F et al. Farewell to oligoastrocytoma: in situ molecular genetics fa-
vor classification as either oligodendroglioma or astrocytoma. Acta Neuro-
pathol 2014; 128(4): 551-559. 
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