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ABSTRACT
The assessment of cell proliferation is a key 
morphological feature for diagnosing various 
pathological lesions and predicting their clinical 
behaviour. Visual assessment of mitotic figures in 
routine histological sections remains the gold- standard 
method to evaluate the proliferative activity and grading 
of cancer. Despite the apparent simplicity of such a 
well- established method, visual assessment of mitotic 
figures in breast cancer (BC) remains a challenging task 
with low concordance among pathologists which can 
lead to under or overestimation of tumour grade and 
hence affects management. Guideline recommendations 
for counting mitoses in BC have been published to 
standardise methodology and improve concordance; 
however, the results remain less satisfactory. Alternative 
approaches such as the use of the proliferation marker 
Ki67 have been recommended but these did not 
show better performance in terms of concordance or 
prognostic stratification. The advent of whole slide image 
technology has brought the issue of mitotic counting 
in BC into the light again with more challenges to 
develop objective criteria for identifying and scoring 
mitotic figures in digitalised images. Using reliable and 
reproducible morphological criteria can provide the 
highest degree of concordance among pathologists and 
could even benefit the further application of artificial 
intelligence (AI) in breast pathology, and this relies 
mainly on the explicit description of these figures. In this 
review, we highlight the morphology of mitotic figures 
and their mimickers, address the current caveats in 
counting mitoses in breast pathology and describe how 
to strictly apply the morphological criteria for accurate 
and reliable histological grade and AI models.

INTRODUCTION
Uncontrolled cellular proliferation is a hallmark of 
cancer and it is one of the key predictors of tumour 
behaviour.1 Cellular proliferation not only influ-
ences tumour growth rate and represents tumour 
aggressiveness, but it also has been playing an increas-
ingly important role in its predictive ability to guide 
treatment.2 Several methods have been described to 
assess the proliferative activity of tumours, the most 
important are mitotic count (MC), Ki67 labelling 
index, proliferating cell nuclear antigen (PCNA) 
and phosphohistone H3 (PHH3). However, these 
methods still have their limitations (online supple-
mental table S1) MIB1, which is directed at the 
Ki- 67 antigen targets the whole cell cycle. There-
fore, Ki67 immunohistochemical (IHC) staining 
not only identifies cells committed to cell division 
but also cells in the interphase stage of the cell 

cycle.3 4 Lack of consensus on scoring methods, cut- 
offs and reliability of various antibodies also limit 
Ki67 clinical utility.5–7 PCNA targets the S phase 
of the cell cycle. It is important to remember that 
the proportion of proliferating cells as measured by 
Ki67 or PCNA IHC provides incomplete informa-
tion about tumour growth. PHH3 is a more specific 
IHC marker for mitotic cells as it stains the phos-
phorylated nuclear histone protein, formed during 
late G2 to late anaphase.8

However, its widespread routine applicability 
was limited by the need to use additional IHC 
techniques and by its still unconfirmed sensitivity 
in breast cancer (BC).9 Until now the traditional 
visual morphological detection of mitotic figures 
remains the most widely used and accepted method 
in routine practice, as it is an easy, rapid and simple 
technique for assessment of growth rate and tumour 
behaviour.10

Assessment of mitotic figures is still used as a key 
factor in the diagnosis and prognosis of various 
tumours including BC. In BC, the MC is one of the 
three parameters used to determine a histological 
grade (along with tubule formation and nuclear 
pleomorphism) reflecting both differentiation and 
proliferation of BC.11–14

In fact, the MC is a strong histomorphological 
predictor of outcome.11 12 15

Conventionally, MC can be reported as either 
Mitotic Index (MI) or Mitotic Activity Index (MAI). 
MI is usually defined as a ratio between mitotic cells 
and cells that are not undergoing mitosis, regardless 
of the cell cycle phase, in a given area of a tumour 
and reported as a percentage, or mitoses per 1000 
neoplastic cells.16 MAI is defined as the numbers 
of mitotic figures in a given area of tumour and it 
is reported as an index (the MC/area counted).16–18 
In BC, the area to be counted in is traditionally 
considered as 10 high power fields (HPF). Based 
on the microscope field diameter, the final area of 
the 10 HPF is estimated and scores of MC is deter-
mined.19 As part of the Nottingham grading system, 
the absolute number of mitotic figures per 10 HPF 
is transformed into 3 scores with cut- offs adjusted 
based on the microscope field diameter, and area 
size.11 12 19

Despite all the advantages of this well- 
standardised counting method, it still suffers low 
concordance rates. Concordance data from the 
interpretative National Health Service Breast 
Screening Programme external quality assurance 
scheme of breast pathology in UK, indicates a low 
concordance rate of MC (κ=0.34) compared with 
other components of grade such as tubule forma-
tion (κ=0.46) (particularly for those scored as 3 
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(κ=0.62)20 and diagnosing invasive lesions (κ=0.91).20 Tumours 
with mitotic score 2 showed the lowest agreement of all compo-
nents (κ=0.13), whereas tumours with either low or high 
MC (score 1 or 3, respectively) showed comparable κ values 
(κ=0.45).20 Similar findings were reported by other authors 
(κ=0.28).21

Although the basic features of a cell in mitosis are well- 
documented, these are usually described from biological and 
genetic perspectives, with less emphasis on the morphological 
criteria that should be used to identify mitotic figures on H&E- 
stained slides. The perceived subjectivity and the high discor-
dance rates in routine practice often result from the inconsistent 
application of such criteria to distinguish mitotic figures from 
their mimickers.17 20 22–24

Several phases of mitosis are identifiable including normal 
and atypical forms, some of which can significantly overlap with 
other structures (mitotic mimickers) such as apoptotic bodies, 
dark hyperchromatic nuclei and tissue/staining artefacts.

Although published decades ago, the methodology for the 
assessment of mitotic figures in BC remains subject to interpre-
tation and individual pathologist performance. For instance, 
standardisation of area for MC was published in the 2019 fifth 
edition of the WHO classification of breast tumours.19

However, this was based on defining the area of MC when 
using 10 HPF, rather than defining the best size area to be used 
for MC and then adjusting the number of HPF based on the 
microscope field diameter.

This remains to be defined as some authors have demonstrated 
that MC is best assessed in larger area size (3 mm2)25 rather than 
10 HPF of small field diameter microscopes which can generate 
an area as small as 1.25 mm2 per 10 HP.19 Details for choosing 
mitotic hotspots and adjustments to account for variation of 
field diameter of HPF were described in detail in recent publica-
tions and are still evolving.26 27

Issues such as the use of 10 HPF vs a defined area size were 
not addressed. Another major challenge added to identifying 
mitoses in recent years comes with the use of digitised whole 
slide images (WSI) and whether the same criteria used on glass 
slides should be applied as such or be modified to suite WSI 
visual eyeball counting. Mitosis detection on WSI is affected by 
the loss of fine- tuning ability, which represents one of the main 
functionalities of optical microscopes during identification of 
mitoses. It has been reported that not all mitotic figures seen 
using microscopes could be identified on WSI.28

Not only the criteria to define mitotic figures should be modi-
fied but also the number of mitotic figures per a defined area to 
be incorporated into histological grade should be defined.29

Therefore, a refinement of the methodology for MC in WSI 
is urgently needed.

In this review, we summarise the morphological definition of 
mitotic figures and provide an overview of phases of the cell 
cycle and mitosis, mitosis mimickers, reproducibility of mitotic 
scoring along with challenges of mitotic figures on WSI; when 
applied consistently, these should improve the reproducibility of 
visual assessment in both traditional microscopy and WSI.

MORPHOLOGICAL CRITERIA
Cell cycle phases and mitosis
The cell cycle is the series of events that takes place in a cell 
leading to its division in two cells. Mitosis is one of the four main 
phases of the cell cycle between interphase (G1, S and G2) and 
the quiescent phase (G0). It represents the step when the newly 
duplicated DNA is separated, and two new cells are formed.30 

The mitotic phase is a relatively short period of the cell cycle. In 
a 24 hour cell cycle, the interphase stage generally takes between 
18 and 22 hours, whereas mitosis only takes about 2 hours.31 In 
rapidly proliferating cancers, delayed fixation will allow many 
cells to complete mitosis and progress to the G1 phase, so they 
will not be detected when the specimen is examined microscop-
ically.32 33 Therefore, rapid and adequate fixation of excised 
pathological specimens, including breast, is considered crucial to 
accurately assess mitotic activity.

Morphology of mitosis
Morphologically, mitosis is defined using a set of features char-
acteristic to its various phases; however, for clinical application, 
the identification of mitosis regardless of its phases is the target. 
Description of these phases is only needed in routine practice to 
recognise mitotic figures and to differentiate them from various 
morphological mimickers particularly in WSI in which loss of 
some fine details makes interpretation of these figures more 
challenging.

Mitotic figures can show abnormal features, and these are 
described as atypical mitoses. The presence of these atypical 
forms is an expression of pathological division and is consid-
ered a sure sign of malignancy. Four main phases of mitosis are 
recognised, and they are in the following chronological order: 
prophase, metaphase, anaphase and telophase (figure 1) as 
below:

Prophase
In prophase, the cell prepares to divide with thickening and coiling 
of the chromosomes. The nucleolus shrinks and disappears. The 

Figure 1 Schematic illustration and photomicrographic images of 
different phases of mitosis in routinely stained H&E sections using 
WSIs at ×40x magnification, showing abundant slightly eosinophilic 
granular cytoplasm, irregular nuclear outline, absent nuclear membrane; 
the nuclei appear as a condensed clump (prophase), hyperchromatic 
straight rod (metaphase), two identical sets of chromosomes at the two 
poles of the cell (anaphase), or two separate identical chromosome 
sets surrounded by cytoplasm and separated by the newly formed cell 
membrane (telophase). WSIs, whole slide image technologies.
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end of prophase is marked by the incipient organisation of a 
group of fibres to form a spindle and by the disintegration of the 
nuclear membrane. The centriole pair begins to move to each 
pole of the cell and starts to form spindle fibres. As the centrioles 
are moving, they become surrounded by clusters of microtubules 
formed of tubulin, radiating in star- like rays called starburst or 
Astra.34 The formation of microtubules and their attachment to 
the centromeres of duplicated chromosomes then occurs, which 
induces the appearance of hairy like projections on the nuclear 
outline.34

On H&E sections, mitotic cells in prophase exhibit a central 
hyperchromatic condensed chromatin mass that retain its 
rounded nuclear contour despite disappearance of the nuclear 
membrane. This phase can sometimes be difficult to distinguish 
from apoptotic bodies and lymphocytes, which typically show 
rounded condensed nuclear material. Characteristically, mitotic 
cells in this phase show irregular or ragged outline and hairy- 
like projections of nuclear material that can be seen on higher 
magnification views. Fine- tuning the microscope to adjust focus 
facilitates the identification of the hairy like projections and the 
irregularity of the nuclear outline, as opposed to other mimickers 
which typically show smoothly defined nuclear outlines. 
Prophase mitoses can be considered the most challenging phase 
of mitosis to be identified, on WSIs due to the reduced ability 
to identify the hairy like projection of these rounded structures 
these mitoses typically show irregular ragged outlines, and this 
together with the size and cytoplasmic features (slightly abun-
dant eosinophilic or basophilic granular cytoplasm) can help 
to distinguish them from lymphocytes and apoptotic bodies35 
(online supplemental table S2).

Metaphase
Metaphase is a stage where the chromosomes become densely 
coiled and line up along the midline of the cell (equator) forming 
a straight line. Histologically, the nuclear membrane disappears, 
and the chromosomes appear in the cytoplasm of the cell as 
hyperchromatic straight rods arranged perpendicular to the long 
axis of the cell. When the cell is caught under perpendicular inci-
dence, spindles can rarely be seen on H&E sections when they 
appear as thin- stranded structures that radiate outward from the 
chromosomes to the outer poles of the cell. Although the meta-
phase mitoses should be easier to distinguish from the nuclei 
of apoptotic cells and lymphocytes being rod shaped, it can be 
mistaken for other mimickers especially on WSI, that is, elon-
gated dark hyperchromatic nuclei. The latter are seen in some 
BC due to compression or crushing of malignant cells. These 
structures are often seen at the edge of the tumour clusters or 
compressed between cells and are often multiple, with smooth 
nuclear outline, with or without cytoplasm. Other mimickers of 
metaphase include hyperactive elongated stromal cells, which 
are often seen in regions of poor fixation or at the peripheral 
surgical margins affected by cauterisation (figure 2A–D). It is 
worth noting that when the cell is caught in a coronal section, 
the metaphase chromosomes can be seen as a ring or round layer 
and is called ring metaphase which may mimic prophase mitoses. 
Again, the metaphase mitoses can show hairy like projection or 
irregular outlines which may add to their recognition. The high 
prevalence of the prophase and the metaphase mitoses makes 
their recognition on WSI critical.

Anaphase
It is the shortest and most dynamic phase of the cell cycle, when 
each divided centromere with attached sister chromatids moves 

towards opposite poles of the spindle. The sister chromatids may 
take a V shape while they are pulled away. This results in two 
parallel hyperchromatic rods seen in the same cell. Some authors 
may divide anaphase into two parts: in early anaphase (anaphase 
A) the chromosomes appear separated into two groups; in late 
anaphase (anaphase B), the chromosomes become pulled apart 
and appear on opposite sides of the cell and a new cell membrane 
begins to form in the centre between the spindle fibres. In normal 
mitoses, these have a balanced size and shape, as they contain 
identical quantities of DNA.36 Histologically, they appear as two 
identical sets of chromosomes at the two poles of the cell that 
appear more oval with an intact cell membrane and an absent 
nuclear membrane and nucleolus. Anaphase can be considered 
as the easiest mitotic phase to be identified on WSI due to its 
unique morphology. Although it can be hard to differentiate 
anaphase from other atypical mitotic figures like chromosome 
lagging, polar asymmetry and bridging mitosis, this does not 
affect their ability to be recognised as mitotic figures regardless 
of the phase or the typicality.

Telophase
In the last step of mitosis, the chromosomes begin to decon-
dense into chromatin, the spindle breaks down and the nuclear 
membranes and nucleoli reform. The cytoplasm of the mother 
cell divides to form two daughter cells, each containing the same 
number and type of chromosomes. In addition to the micro-
scopic image of its previous phase, the cell membrane can now 
be seen separating the two dense chromatin masses. It is the least 
common mitotic phase to be recognised and it can be misinter-
preted by some pathologists as two metaphase mitoses however, 
their close proximity and the overall morphology should be 
considered, and these should be counted as one mitotic figure.37 
Similar to anaphase, it is typically easy to identify telophase 
mitoses on WSI due to their characteristic morphology and the 
lack of mimickers.

Table 1 summarises the key morphological features of normal 
mitotic figures. Mitotic cells have cytoplasm that can be either 
basophilic or eosinophilic, but occasional figures can show a 
deep eosinophilic cytoplasm similar to that of apoptotic cells. 
The size of miotic cells is approximately the same or larger than 
the surrounding malignant cells.

Figure 2 (A–D) Photomicrographic images of routinely stained H&E 
sections using WSIs at ×20 magnification. The blue circles indicate 
elongated hyperchromatic cells, resembling metaphase, sometimes seen 
in compressed malignant cells or hyperactive stromal cells. WSIs, whole 
slide image technologies.
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Atypical mitoses
All the cell cycle phases are highly regulated by several proteins 
which control the process of cell division and prevent abnormal 
mitosis. These checkpoints allow cells to proceed from one 
phase to another.38

Failure of any of these checkpoints results in aberrant mitotic 
activity. Morphologically the presence of atypical mitoses 
represents deviations from the well- described phases of typical 
mitosis.39 40

The majority of tumours with atypical mitotic figures 
show some form of chromosomal instability,41 42 and they are 
frequently seen in highly proliferative and aggressive tumours, 
and they can also be seen following systemic chemotherapy. In 
practice, the identification of atypical mitoses is also of great 
value in distinguishing benign and malignant tumours, along 
with other criteria.

Recognition of the morphological features of atypical mitoses 
is critical, as they are of substantial clinical significance and 
some have different non- mitotic cell mimickers to be differen-
tiated from such as apoptotic and karyorrhectic nuclei. Histori-
cally, it has been reported that atypical mitotic figures are most 
numerous towards the centre of the tumour and are rare at the 
periphery,43 but more recent studies assessing mitotic distri-
bution in the tumour mass are needed. Atypical mitoses result 
from different mechanisms and therefore can show different 
morphology which includes the following:

Spindle multipolarity: occurs in metaphase, the cell gains 
more than the two spindle poles, the chromosomes become 
distributed along several axes, and instead of having two poles at 
both ends of the cell, the cell may acquire three poles ‘tripolar’ 
(figure 3A,a), four poles ‘quadripolar’ (figure 3B,b) and more 
than four poles ‘multipolar’ (figure 3C,c). Multipolar mitoses 
are associated with numerical and functional abnormalities of 
centrosomes,44 45 and their unique morphology makes them 
easily identifiable on WSI as mitotic figures.

Chromosome lagging: lag- type mitosis often exhibits a sepa-
rated unattached condensed chromatin (figure 3D,d). Histo-
logically, it can appear as chromosomes lagging between two 
separating masses of chromosomes during anaphase, at one side 
of the metaphase plate or both sides of metaphase plate.46

Lagging chromosomes represent the most common chro-
mosomal segregation defect in cancer cell with chromosomal 
instability.47

Polar asymmetry: occurs during anaphase, and it appears as 
asymmetry in the size of the anaphase- telophase poles, occurring 
when chromosomes are segregated more into one of the two 
daughter cells48 (figure 3E,e).

Anaphase bridge: is defined as a filamentous connection 
linking two well- separated and parallel groups of anaphase chro-
mosomes.49–51 It can be seen as a string of chromatin extending 
from one pole of the anaphase to the other (figure 3F,f). 

Detection of an anaphase bridge has been considered a useful 
method of indirectly evaluating telomere dysfunction.50–53

Ring mitosis: appears as a bizarre figure in which chromo-
somes are displaced to the periphery of the cell (figure 3G,g),54 
this should be differentiated from the round layer of normal 
chromosomes in the equatorial plane of the cell during meta-
phase seen at different plan section (ring metaphase). Ring 
mitoses can be seen associated with colchicine toxicity.54

Dispersed mitosis: is a type of atypical mitosis where the cell 
is enlarged and the chromosomes are dispersed, evenly distrib-
uted and non- clumped; it shows no specific configuration 
(figure 3H,h).40 55

This type of mitosis similar to some other forms of atypical 
mitosis should be differentiated from apoptotic and karyorrhectic 
nuclei. These cells can show multiple nuclear fragments floating 
in the cytoplasm with any arrangement and can be mistaken with 
atypical mitoses on WSI. The cytoplasmic features, size and loca-
tion of the cells and the chromosome mass outlines can help in 
the distinction.

Given the fact that finding abnormal mitotic figures is of 
great clinical value, the lowest level of agreement was found on 
assessing atypical mitoses.

A study by Barry et al,56 revealed poor agreement between 
pathologists (kappa 0.19) on the recognition of atypical mitoses, 
and in an unpublished study by our group, the interobserver reli-
ability in counting atypical mitotic figures was limited (interclass 
correlation coefficient=0.49). However, the assessment of atyp-
ical mitoses for BC grading can be considered from a different 

Figure 3 (A, a) Tripolar mitosis—the chromatin material acquires 
three poles (Mercedes Benz appearance). (B, b) Quadripolar mitosis—
the chromatin acquires four poles. (C, c) Multipolar mitosis—the 
chromatin acquires more than four poles. (D, d) Lag- type mitosis—
separated unattached condensed chromatin. (E, e) Polar asymmetry—
asymmetry in the size of the anaphase- telophase poles. (F, f) Anaphase 
bridging—a string of chromatin is seen connecting two well- separated 
and parallel groups of chromosomes. (G, g) Ring mitosis—ring- 
shaped chromosomes, displaced to the periphery of the cell. (H, h) 
Dispersed mitosis—condensed, dispersed, missegregated fragments of 
chromosomes.

Table 1 Key morphological features of normal mitotic figures

Mitotic phase Key morphological features

Prophase/prometaphase Hyperchromatic condensed chromatin, absence of nuclear 
membrane and hairy extension of nuclear material which 
appears as thick condensed, clotted or clumped strands of 
chromosomes

Metaphase Perpendicular rod in the centre of the cell; or ring- like in ring 
metaphase

Anaphase Two parallel condensed, clumps in the same cell

Telophase Separate identical chromosome sets surrounded by 
cytoplasm and separated by a newly formed cell membrane
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perspective. Pathologists should be able to identify the atypical 
mitotic figures considered in the assessment of mitotic scores, as 
BC with abundant atypical mitoses are associated with poorer 
prognosis compared with cases with low mitotic figures or with 
only typical forms.57

CHALLENGES IN ASSESSING MC IN BC
There are several factors that influence the reliability of assess-
ment of MC in BC. These include the presence of mitotic 
mimickers,58 the clarity of the assessment methodology and 
other factors.17

Mitotic mimickers
Many cellular morphological features can be mistaken for mitotic 
figures in histological sections. These include apoptotic bodies 
(online supplemental table S3), lymphocytes, darkly stained 
nuclei, dying or crushed cells and tissue artefacts. Although 
mitotic figures in H&E- stained sections have typical character-
istic features as described above, distinguishing them from these 
mimickers is often challenging and requires careful assessment 
of these structures.

Apoptotic bodies
Apoptosis, also called ‘programmed’ cell death, is a distinctive 
form of cellular death that involves the genetically determined 
elimination of cells.

Apoptotic cells are smaller in size, with a dense, eosinophilic 
cytoplasm.59

The nuclei shrink and become condensed (pyknosis) and then 
fragment (karyorrhexis) and the cellular membrane detaches.60 
Then the nuclear fragments dissolve (karyolysis). On histological 
examination, apoptotic bodies can resemble prophase mitoses 
(figure 4A–E). Conversely, the nuclear shrinking, smooth nuclear 
outlines, small size and the dense eosinophilic cytoplasm are in 
favour of apoptosis. Unlike the delicate or clumped appear-
ance of chromatin that is associated with slightly eosinophilic 
cytoplasm and the absence of nuclear membranes seen in true 

mitoses, karyorrhectic nuclei/apoptotic cells often have dense 
‘pink’ retractile cytoplasm and homogeneous chromatin.61 
Identification of apoptotic figures is important as high levels of 
apoptosis, have been linked to a poor prognosis and have been 
reported as a poor prognostic factor in BC.62–64

Artefacts, pigments and crushed cells
Formalin pigment artefacts (figure 4F) (black to brown finely gran-
ular birefringent deposit), delayed fixation (causing cell shrinkage 
and cytoplasmic clustering), sipping dark inks, tattoo pigments 
(generally refractile), crushed artefacts and haemosiderin deposition 
are just a few of the artefacts that can mimic the hyperchromasia of a 
mitotic figure. The refractile nature of these mimickers or their pres-
ence across the entire mounting medium (even beyond the histolog-
ical section) should distinguish them from true mitoses. Particularly, 
crushed artefacts or poor fixation are seen within a range of areas, so 
they should be recognised with care.

Dark hyperchromatic nuclei
Sometimes the hyperchromasia of malignant cells can be 
mistaken for the condensed chromatin seen in mitotic figures, 
especially in prophase (figure 4G–I). The decision to classify as 
mitosis is made based on the absence of a nuclear membrane, 
seen as hairy extensions or irregular outlines. When using light 
microscopy these can be easily distinguished; however, on WSI 
we lack the ability to fine- tune between adjacent focal planes or 
to test for birefringence/refract ability.

Lymphocytes and other inflammatory cells
Lymphocytes, granulocytes (figure 4J,K) and other inflammatory 
cells can have small hyperchromatic nuclei (figure 4O). Recog-
nising these cells is often easy using the microscope; however, on 
suboptimally prepared slides it is often difficult to differentiate 
these cells from prophase. The presence of cytoplasm, hairy- like 
projections or at least a slightly irregular nuclear outline favour 
a mitotic figure in prophase. Furthermore, the distribution of 
chromatin within the nucleus is more even and appears denser 
in lymphocytes. Plasma cells often have abundant basophilic 
cytoplasm and an eccentric nucleus with a well- defined nuclear 
membrane and a characteristic cartwheel distribution of chro-
matin. They also contain a pale zone of the Golgi apparatus. 
The segmentation of the nuclei in neutrophils can help in the 
distinction from mitotic figures.

Mitotic intratumour heterogeneity
In many tumours, a substantial variation in mitotic rates is noticed 
in different areas of the same tumour as a result of intratumoural 
heterogeneity.65 As MC should be based on the highest count rather 
than the average, the choice of hotspots can be a major cause of 
low reproducibility among observers.65 For this reason, it is recom-
mended that mitoses should ideally be counted on larger tissue 
sections to account for heterogeneity and to prevent sampling 
errors.65 There were many attempts to standardise the area for 
counting mitoses. Gal et al66 proposed drawing a 2 mm2 rectangle 
on a coverslip in the most mitotically active area of the tumour. The 
range of mitoses counted by different observers using this method 
was found to be narrow, indicating that variability is greatly reduced 
when establishing a specific area to count in. However, this seems a 
time- consuming method, and this technique is not routinely used in 
practice. In addition, it does not help when the MC is assessed by 
one observer as is the case in routine practice. Identifying areas of 
highest MC does not only rely on the experience and skills of the 
reporting pathologist, but also on the speed of reporting in order 

Figure 4 (A–C) Apoptotic bodies showing nuclear shrinking 
(pyknosis), dense eosinophilic cytoplasm and loss of cell to cell contact. 
(D, E) Apoptotic bodies showing nuclear fragmentation (karyorrhexis). 
(F) Tissue artefact (pigmentation), appear as opaque hyperchromatic 
object above the tissue level. (G–I) Hyperchromatic malignant cells, with 
enlarged nuclei, but intact nuclear membrane. (J, K) Foamy macrophages 
showing vacuolated cytoplasm and intact nuclear membrane. (L–N) 
Karyorrhectic cells, a feature of a dead or dying cell, showing dissolved 
nuclear material. (O) Out of focus lymphocyte, with hyperchromatic 
nuclei but otherwise smooth intact nuclear membrane.
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to comply with clinical time requirements. This may explain at least 
partially the interobserver discordance. Evidence- based data on the 
best approach for selecting hotspots in BC is still needed. In addition, 
the method to identify hotspots remains less defined. Although it is 
recommended that these should be selected from the periphery of 
the tumours, this periphery can include many areas to be assessed 
and some tumours can be more cellular towards the centre. Further 
definition of hotspots is the subject of active research by our group.

Tissue processing and practice-related factors
Sectioning and staining quality
Adequate gross sectioning of the tumour as to be representative 
and to account for intratumoural mitotic heterogeneity is essential. 
Another point to raise is that sections thicker than 5 µm can lead to 
a high tumour cell volume with a potential bias towards a higher 
MC.67 The staining quality can also affect the visibility of the deli-
cate chromatin structures needed to differentiate mitosis from other 
structures.

Fixation time
Delayed formalin fixation, known as ‘cold ischaemia’, has a detri-
mental effect on BC morphological features particularly mitosis. 
In addition to allowing many cells to progress to the G1 phase 
and not being able to detect them during microscopic examina-
tion, it can cause stromal retraction or even autolysis that can 
further affect the identification of these figures.68 Although it 
may not affect concordance rates, it will result in underscoring 
cases and under grading tumours with subsequent management 
implications on individual patients.

Using conventional microscopes with different sized HPF
It is a common practice to count mitotic figures in 10 HPF 
at ×40 magnification in several fields of pathology, including 
breast; but in certain tumours where MC can be highly vari-
able, more HPF are required to account for this variability. For 
instance, in adrenal gland and gastrointestinal stromal tumours, 
mitotic figures are counted in 50 HPF or in 5 mm2 areas.69

Although a gradual firm move has been made towards stan-
dardising the area of measurement, HPF is still widely used 
without score adjustments throughout different fields of 
pathology apart from BC and few other tumours.19

Adjustment of mitotic scores based on the field diameter of 
the microscopes only provides standardisation of counting and 
may improve the concordance of scores when using the same 
microscopes, but does not address the clinical impact of the MC 
identified or the concordance when using different microscopes 
with variable field diameters. Theoretically and even in practice, 
MC in 10 HPF, which is usually equal to 2–2.5 mm2 in most 
modern used microscopes are not reliable.25

Even the original Nottingham grade authors have mentioned 
the need to count more than 10 HPF, but it has not been suffi-
ciently highlighted,13 and only by increasing the sample size, this 
problem can be addressed.70

Emerging evidence indicates that an area larger than 2 mm2 
is needed to produce an actual representation of MC in BC,25 70 
a move towards standardising the area size with adjustment of 
the number of HPF examined should be considered for better 
concordance and representation of the actual proliferative 
activity of the tumours. Current evidence indicates that in BC, 
despite standardisation to account for the field diameter of each 
microscope, the reproducibility of mitotic scores remains low, 
especially when close to cut- off points.25 These cases can benefit 
from using larger areas for counting25 67 which indirectly means 

more HPF rather than just adjusting the cut- offs.70 Using WSI in 
scoring may make these issues easier to address.

Digital pathology and computer-assisted mitosis detection
Digital pathology (DP) is a relatively new diagnostic technique, 
that entails converting diagnostic glass slides into digital images 
in the clinical settings using whole slide scanners with the full 
capacity to navigate these slides, meanwhile allowing detailed 
image analysis. Since the introduction of WSI scanners, several 
researchers have tried to improve and incorporate this new tech-
nology into diagnostic processes, and with further advancements 
in this field, DP eventually made its way from the research field to 
clinical practice. The labour- intensive nature of counting mitotic 
figures during grading, besides, the low concordance across 
pathologists, made it an attractive target for computer- assisted 
detection algorithms. These detection models are continuously 
and rapidly improving, but, before diving into artificial intelli-
gence (AI)- assisted diagnostics, challenges of using WSIs have to 
be addressed first, together with the adoption of evidence- based 
clinically approved protocols.

The quality of the used hardware as well as the software can 
significantly and synergistically affect the computer- assisted 
mitosis detection. The hardware, such as scanner digital camera 
and resolution, sensors, scanner lens magnification and scanning 
operations,71 as well as the display monitor characteristics have 
an impact on the quality of the digital images and subsequently 
on the ability to detect mitotic figures and to differentiate 
them from their mimickers. The latter relies on the recogni-
tion of some fine details that can be lost in poor- quality images. 
The quality of the digital images also relies on other variables 
including the software used such as the image viewing software 
and the mitotic- cell identification algorithms in addition to the 
slide preparation quality. All these variable must be addressed 
carefully because errors in either hardware, software or in the 
slide preparation and scanning stages can lead to unsatisfactory 
results,72 and the sensitivity of computer assisted mitosis detec-
tion can undoubtedly be affected.

Mitosis counting in the DP era
There are additional challenges when using WSIs in counting mitoses.

In BC grading studies using WSIs, the interobserver and 
intraobserver agreement on mitotic scores was higher on glass 
slides,73 indicating that there is a slight tendency to underesti-
mate the number of mitoses with a reduced ability to accurately 
define mitotic figures on WSIs.74

As stated above, it is recognised that loss of fine- tuning 
capability when using WSI and lacking a refined list of objec-
tive criteria for mitosis identification can impede detection of 
true mitotic figures on WSI and hamper differentiation from 
mimickers. While scanning glass slides on multiple focal planes 
may provide a z- axis to WSI, however, this can increase scan-
ning time, also, the storage requirements will be impractical for 
routine pathology work. Another point to note is that counting 
mitoses on WSIs has proved to be more time- consuming than 
counting mitoses with conventional microscopes,74 this extra 
time is usually spent on annotating the area for counting, 
marking each mitotic figure and counting the total number of 
annotations in the end.

In a recent unpublished study, we reviewed the mitotic figures on 
WSI, and corresponding glass slides using microscope and found that 
mitotic figures on WSI showed more hyperchromasia, which may be 
not recognised due to similarity with other mimickers. Moreover, 
when matching mitotic figures between the same regions on glass 
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slides and WSI, about 17% of the MC were reduced. We attributed 
this to the loss of fine details resulting from the loss of fine- tuning 
abilities, together with the narrow- scanned plane of the section in 
WSI. Also, the quality of scanning may affect the clear detection of 
true mitotic figures as it could result in areas of haziness or individual 
cell haziness. About 50% of mitotic figures on WSI do not have the 
clear hairy- like projections that appear with fine- tuning of the micro-
scope. This may be considered the main challenge in WSI detection 
of true mitotic figures as this is one of the two main criteria for 
mitotic figure identification besides the loss of nuclear membrane.

Another issue arising when assessing BC on a new platform is 
the need to standardise the method for counting mitoses. Not 
only the selection of the area for counting (hotspots) on WSI, 
but also the size of the area to count mitotic figures in and the 
best approach should be determined; whether a defined large 
area (eg, 3 mm2), multiple defined areas (eg, 3×1 mm2 each) or 
multiple ×40 magnified screens that amount to a defined area 
size should be used, remains to be assessed and needs to be 
backed by evidence- based studies. The need to establish a well- 
defined surface area for MC may be even more pressing with 
WSI. Al- Janabi et al used 2 mm2 as a standard field diameter in 
assessing mitoses in BC on WSI.74 v, while others used an area of 
2.62 mm2, equivalent to that of a microscope field diameter of 
0.58 mm.75 Meuten et al used an area of 2.37 mm2.76

However, there has been no agreement on the size of the area 
to count mitoses using WSI so far. Until evidence is available, we 
recommend counting multiple screens at ×40 magnification to 
achieve a 3 mm2 area size, equivalent to 10 HPF of a standard 
microscope with a 0.62 field diameter.

Although this will need calibration, this can be performed 
once for each screen monitor. This will not only be time- saving 
compared with drawing an area on the screen, but it also allows 
avoiding areas with low tumour cellularity such as DCIS, necrosis 
or stroma- rich areas in a way akin to the choice of HPF when 
using glass slides on conventional microscopy. Finally, although 
it is expected that AI- based algorithms of WSI MC are expected 
to revolutionise the assessment of MC and grading in BC and 
other fields of tumour and diagnostic pathology, developers of 
this technology should be aware of the pitfalls in identifying 
mitotic figures. There should be a proper adjustment of the tech-
nique of scoring mitoses in line with existing well- established 
methods used in BC to provide the same prognostic value when 
incorporated into the final histological grade.

CONCLUSION
Assessment of proliferation in BC is an effective tool to assess tumour 
aggressiveness, speed of growth and guide therapy. MCs are by far 
the easiest and cheapest method of assessing this and improving 
concordance can only be achieved by implementing clear definitions 

and methodologies. Indeed, when a standardised methodology is not 
used, quite variable results may be obtained on the same material by 
different observers. By following a strict protocol, excellent inter-
reproducibility results could be gained. We have summarised a few 
key issues relating to MC with a particular emphasis on morphology 
and practicality. The use of digital images will bring new challenges 
in assessing mitoses and the further application of AI can only begin 
from clearly defined datasets.

Handling editor Cheok Soon Lee.
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