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The Art of Writing a Pathology Report:

What we Say … and What we Mean  ☺
by Natasha Rekhtman, Diana Molavi, and Justin Bishop

What we Say: What we Mean:

This is a difficult case I have no idea what this is

This lesion is difficult to classify I am not familiar with the new WHO classification 

The differential diagnosis includes …  Your guess is as good as mine

Dr. X concurs with the diagnosis Sure am glad somebody else here knows what this thing is

Case was shown at the quality assurance conference We’re all going down together

Invasion cannot be excluded Probably invasive but don’t feel like searching too hard … and it’s
time for my coffee break!

Recommend clinical correlation Not my problem anymore!

Lesion is best seen on permanent sections We missed it on frozen

Defer to permanents (as for thyroid frozen) Maybe if I keep saying this … they will stop sending these?

Stains are suboptimal Did not work at all 

Stains are non-contributory Stained the wrong block … or ordered the wrong antibody

Stains are non-evaluable Forgot to order

Tissue with cautery artifact Puh-leeze! Turn down that bovie!

Evaluation limited by processing artifact Regular histotech is on vacation

Tumor approaches the margin Positive margin but am going to dinner with the surgeon, so gotta
be nice…

Tumor approaches the margin (#2) Positive margin but am afraid of the surgeon

Focal acute appendicitis Found a poly for you! You’re welcome

An AFB stain is negative But please don’t hold me to it

Multiple step levels were examined No, still not there. I am a pathologist, not a magician.

Representative sections submitted One

Innumerable (as in polyps or mitotic figures) More than 10

Rare (as in mitoses) I didn’t see any, but if I say zero there will be three on the first field
when I show this case

Specimen did not survive processing Was dropped on the floor and stepped on

Specimen was entirely submitted Can’t send me back to the bucket!

Possible lymph nodes (grossly) Hunks of fat that I did not bother to dissect

Conservative re-excision is recommended I forgot to ink the margins
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Chapter 1. Immunostains: Introduction
By Natasha Rekhtman, Marina K Baine, Youran Zou, Justin A. Bishop

 Applications of Immunohistochemistry (IHC) in Anatomic Pathology
(select examples)

1. Diagnosis of Tumors:
(a) 

Carcinoma (cytokeratin+)
Lymphoma (CD45+)
Melanoma (SOX10/S100/Melan-A/HMB45+)
Others

(b) Diagnosis of carcinoma of unknown primary:
Lung (TTF-1/Napsin-A+)
Thyroid (PAX8/TTF-1+)
Prostate (PSA/NKX3.1+)
Colon (CDX2+)
Many others

(c) Diagnosis of invasion:
Loss of myoepithelial cells (breast cancer)
Loss of basal cells (prostate cancer)
Loss of basement membrane/collagen type IV (various carcinomas, rarely used)

2. 
Ki67/MIB1 (general proliferation marker)
HER2 (adverse prognosis in breast and gastric cancer) – also predictive marker
CD38 (adverse prognosis in chronic lymphocytic leukemia)
Others

3. 1:
ER/PR (tamoxifen for breast cancer)
HER2 (Herceptin for breast cancer and gastric cancer)
ALK (crizotinib, recently ceritinib for lung carcinomas with ALK fusions)
PD-L1 (PD-1/PD-L1 inhibitory monoclonal antibodies for non-small cell lung carcinomas and other tumors)
Others

4. Detection of Micrometastases:
Melanoma (melanocytic markers)
Breast cancer (cytokeratins)

5. 2:
Viruses (HSV, CMV, adenovirus, SV40 for Polyomavirus/JC virus)
Bacteria (H. pylori, anti-treponemal antibody for syphilis)
Other organisms (Toxoplasma)

 1. Many predictive markers are assessed by molecular methods. Examples listed here are for markers assessed by IHC, more on this in Chapter 4.
-

planted organs (e.g., CMV and adenovirus in kidney transplant) or otherwise immunocompromised patients. However, in situ hybridization for 
some viruses is still the preferred method (EBV, HPV). For the vast majority of bacteria and fungi, the use of special stains remains to be the 
preferred method (GMS, AFB, etc.).

https://doi.org/10.1007/978-3-319-97508-5_4
https://doi.org/10.1007/978-3-319-97508-5_1
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97508-5_1&domain=pdf


2

 Markers of Differentiation at a Glance

Differentiation Markers

Mesenchymal Vimentin (generally not useful for diagnosis)

Epithelial Cytokeratins, EMA [see epithelial primer]

Smooth muscle [see muscle 
primer]

Skeletal muscle [see muscle primer]

Partial smooth muscle phenotype: actins (MSA, SMA) in “tram-track” distribution and calponin but not h-caldesmon [see muscle 
primer]

Myoepithelial Polyphenotypic markers: smooth muscle (complete phenotype – smooth muscle actin, calponin, others), neural (S100), glial 
(GFAP), epithelial (CK), and basal/stem cell factor (p40/p63) [see muscle primer]

Endothelial CD34, CD31, ERG, Fli-1, D2-40 (lymphatic), Factor VIII (outdated) [see vascular primer]

Lipomatous S100 (IHC generally not used)

Melanocytic SOX10, S100, HMB45, Melan-A/MART-1, MITF, tyrosinase [see melanocytic primer]

Neuroendocrine SYN, CHR, CD56, INSM1 [see neuroendocrine primer]

Glial GFAP, OLIG2 [see neuroglial primer]

Neuronal [see neuroglial primer]

Nerve sheath 
(Schwannian)

SOX10, S100 [see neuroglial primer]

Serous acinar cells PAS (general); BCL10, trypsin, chymotrypsin, and lipase (pancreas); SOX10 and DOG-1 (salivary)

Hematopoietic

Pan-hematopoietic: CD45/LCA
Pan-B cell: CD20, CD19, CD79a, PAX5
Pan-T cell: CD3, CD43
Plasma cell: CD138, κ/λ light chains (normal κ:λ ratio is 2–3:1)
Myeloid: CD43, CD117/c-kit, CD34, MPO
MANY others [see hemepath section]

Histiocytic CD68, CD163, enzymes (lysozyme/muramidase, α1-antitrypsin) [see hemepath section]
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 Location, Location, Location!  
Primer on Location of Antigens

•  In order to properly interpret immunoreactivity, it is important to know the expected location of the antigen of interest. Knowing the biological func-
tion of a molecule of interest can be very helpful in intuitively anticipating the site of reactivity.

• Transcription factors (TTF-1, CDX2, myogenin, PAX8, WT1, p53, p63/p40) and steroid hormone receptors (ER, PR, AR) function in the nucleus, 
and therefore the expected IHC signal is nuclear. Proliferation marker Ki67 (MIB1) is also nuclear (except for peculiar membranous/cytoplasmic 
reactivity in hyalinizing trabecular tumor/adenoma of thyroid).

• In contrast, cytoskeletal, contractile, and other functional proteins are cytoplasmic. In fact, the majority of antigens in current use are cytoplasmic. 

proteins (HMB45, Melan-A), secretory products (ACTH, trypsin), and various other functional molecules.

• Membranous reactivity is expected for receptors (EGFR), adhesion molecules (E-cadherin), and other surface molecules. This category includes 
virtually all CD (cluster of differentiation) antigens, such as CD3 (T-cell marker) and CD20 (B-cell marker). Occasionally, membranous reactivity 

-

• Although rare, several antigens have a characteristic combined nuclear AND cytoplasmic reactivity. This category most notably includes S100, 
p16, and calretinin (calretinin must be BOTH cytoplasmic and nuclear to be interpreted a positive staining in mesothelioma). β-catenin is membra-
nous in most normal epithelia and cytoplasmic in stromal cells. However, it is the shift to nuclear reactivity that is a characteristic feature of several 
tumor types associated with mutations in adenomatosis polyposis coli (APC) or CTNNB1 (encodes β-catenin) genes in the WNT pathway, such as 

• Granular reactivity usually indicates localization to cytoplasmic organelles (mitochondria, Golgi, secretory vesicles, etc.). Distinctive granular 
cytoplasmic reactivity is typical of AMACR/racemase (mitochondrial/peroxisomal), HepPar1 (mitochondrial), and Napsin A (lysosomal). Dot-like 
CD30 in ALCL and classical HL and CD15 in classical HL are attributed to Golgi staining and are seen in conjunction with typical membranous 
staining generating the so-called “targetoid” or “ball and chain” appearance.

• Finally, punctate (aka perinuclear dot-like) reactivity is typical of some antigens that aggregate in the cytoplasm, most notably CK pattern in neu-
roendocrine CAs, including SmCC (pan-CK) and Merkel cell CA (CK20). This occurs due to the formation of CK tangles.

• ALK stain may show different patterns of staining in different tumors depending on the translocation partner!

• Note that there are some instances in which the lack of immunoreactivity
CA of the breast. Another is the loss of SMARCB1 (INI1) and rarely SMARCA4 (BRG1) in malignant rhabdoid tumors, as well as many other 

• Beware of classic false positives -
ing in entrapped benign cells like TTF-1 staining of entrapped pneumocytes in tumors metastatic to the lung) and classic false negative as a result of 

-
ity for antigens with expected nuclear localization (such as TTF-1 or ER) – this should not be accepted as positive!

Nuclear Reactivity:
Transcription factors (TTF-1, CDX2, Myogenin, WT1, p53, p63)

Steroid hormone receptors (ER, PR)

Other (Ki67)

Cytoplasmic Reactivity:
Intermediate Filaments (CK, Desmin, Vimentin, etc)

Contractile proteins (Actin)

Secretory products (ACTH)

Other functional proteins

Nuclear AND Cytoplasmic Reactivity:
S100, p16, Calretinin,

b-catenin (only nuclear reactivity is specific)
Cytoplasmic Granular Reactivity:

AMACR, Napsin A, HepPar1

Cytoplasmic Dot-like Reactivity:
CD30 and CD15 in Hodgkin Lymphoma,

CKs in neuroendocrine carcinomas (perinuclear)

Membranous Reactivity:
CD anything (CD3, CD20, etc)

Surface receptors (HER2, EGFR)

Adhesion molecules (E-cadherin)

 

Abbreviations: ALCL anaplastic large cell lymphoma,  
HL Hodgkin lymphoma, CK cytokeratins
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 Primer on Cytokeratins

(*currently preferred designation for cytokeratins is “keratins”)

• 
regarded as the most fundamental markers of epithelial differentiation. Other members of IF family are also used as markers of differentiation, 

• 

• CKs were characterized by Moll et al., and the currently used CK designation system is known as the “Moll’s catalogue” [1].

• CKs are designated in a somewhat non-intuitive fashion based on their migration pattern in a two-dimensional (2D) gel electrophoresis, which sepa-
rates proteins based on size and charge.

• Based on the 2D gel migration, CKs fall into two categories: basic (CK1 through 8) and acidic (CK9 through 20). Within each group, CKs are num-
bered in order of decreasing size, from high molecular weight (HMW) to low molecular weight (LMW), as diagramed below.

CK1

CK2

CK3

CK4

CK5

CK6

CK 9

CK10

CK11

:

CK16

CK17

CK7

CK8

CK18

CK19

CK20

HMWCK
(Ab: CK903,

CK5/6)

LMWCK
(Ab: Cam 5.2)

HMW

LMW

Basic CKs
(Ab: AE3)

“squamous
  keratins”

“simple/non-squamous
  keratins”

Basic CK
(Type B / Class II):

Acidic CK
(Type A / Class I):

Acidic CKs
(Ab: AE1)

 

• In a cell, CKs exist as heterodimers, composed of acidic + basic subunits of a similar size. Therefore certain pairs of CKs (such as CK8/18, CK1/10) 
are expressed jointly.

• For diagnostic purposes, CKs are divided into LMWCK and HMWCK, as indicated on the diagram. This division corresponds to a distinct distribu-
tion of these two groups of CKs in normal tissues:

 – HMWCKs are expressed predominantly in squamous epithelia (and in basal cells), and they are known as “squamous keratins.” HMWCKs are 

squamous epithelia and SqCC.

 – In contrast, LMWCKs are loosely distributed in the cytoplasm and are unable to bundle. They are therefore characteristics of visceral organs, 
which experience little mechanical stress (such as the liver, kidney, and various glandular epithelia). LMWCKs are known as “non-squamous or 
simple keratins.” LMWCKs are expressed in all epithelial tissues with the exception of keratinizing squamous epithelium. Note that some glan-
dular epithelia (such as breast) do co-express HMWCK in addition to LMWCK, and HMWCK can be induced in non-squamous epithelia as a 

LMWCK” is not 100%.

 – A designation of “intermediate molecular weight CKs” is occasionally applied, which refers to the lighter CKs within the HMWCK group 
(CK 5, 6, 17). These are also known as “basal keratins” because they are expressed preferentially in basal cells.

• The above patterns of CKs are generally retained in corresponding CAs and can serve as useful diagnostic tools. As a word of caution – some CAs 
deviate from CK patterns of their parent epithelia. For example, high-grade SqCCs frequently co-express LMWCKs and HMWCKs. In addition, 
some adenoCAs are well known to co-express HMWCKs (such as CAs of the pancreas, endometrium, lung, and a subset of breast).

• To increase the yield of diagnostic IHC, expression of CKs is usually analyzed by mixtures of various CK antibodies (Abs), known as “Ab cock-
tails.” The commonly used Ab cocktails include:

Antibody cocktail What it detects
AE1 All acidic CKs except CK 9, 12, 17, and 18
AE3 All basic CKs (CK1-8)
AE1/AE3 (pan-CK) All types of CKs (except those missing in AE1)

Broad-spectrum CK cocktail (similar to AE1/AE3)
Cam5.2 LMWCKs (CK 7, 8)
CK903 (K903; 34βE12) HMWCKs (CK 1, 5, 10, 14)
CK5/6 HMWCKs (detects primarily CK5)
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