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Digital pathology (DP) is now one of the biggest issues fac-
ing the field of pathology. DP is a remarkable innovation that 
changes the paradigm of microscope-based pathology, which has 
existed for over 100 years. DP alters the way diagnostic tools 
represent pathologic images from the microscope to the com-
puter screen and has changed storage media from glass slides to 
digitalized image files. Digitalized pathologic images stored in 
computer servers or cloud systems can be transmitted over the 
Internet, thus changing the temporal and spatial domain of 
pathologic diagnosis. In addition, machine learning allows soft-
ware assisting in diagnosis to be developed and applied more 
actively and effectively.

This review describes various concepts related to DP and com-
puter-aided pathologic diagnosis (CAPD), current applications 
of DP, and various issues related to the implementation of DP. It 
also briefly introduces the development of computer-aided diag-
nostic tools and their limitations.

DIGITAL PATHOLOGY AND 
COMPUTER-AIDED PATHOLOGY 

DP, which initially delineated the process of digitizing whole 
slide images (WSIs) using advanced slide scanning technology, 
is now a generic term that includes artificial intelligence (AI)–
based approaches for detection, segmentation, diagnosis, and 
analysis of digitalized images [1]. WSI indicates digital repre-
sentation of an entire histopathologic glass slide at microscopic 
resolution [2]. Over the last two decades, WSI technology has 
evolved to encompass relatively high resolution, increased scan-
ner capacity, faster scan speed, smaller image file sizes, and com-
mercialization. The development of appropriate image manage-
ment systems (IMS) and a seamless interface connection between 
existing hospital systems such as electronic medical records 
(EMR), picture archiving communication systems (PACS), and 
laboratory information systems (LIS) (also referred to as the pathol-
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ogy order communication system) has stabilized, cheaper stor-
age systems have been established, and streaming technology 
for large image files has been developed [3,4]. Mukhopadhyay 
et al. [5] evaluated the diagnostic performance of digitalized im-
ages compared to microscopic images on specimens from 1,992 
patients with different tumor types diagnosed by 16 surgical pa-
thologists. Primary diagnostic performance with digitalized WSIs 
was not inferior to that achieved with light microscopy-based ap-
proaches (with a major discordance rate from the reference stan-
dard of 4.9% for WSI and 4.6% for microscopy) [5]. 

Computer-aided pathology (CAP, also referred to as computer-
aided pathologic diagnostics, computational pathology, and com-
puter-assisted pathology) refers to a computational diagnosis 
system or a set of methodologies that utilizes computers or soft-
ware to interpret pathologic images [2,6]. The Digital Pathology 
Association does not limit the definition of computational pathol-
ogy to computer-based methodologies for image analysis, but 
rather as a field of pathology that uses AI methods to combine 
pathologic images and metadata from a variety of related sources 
to analyze patient specimens [2]. The performance of computer-
aided diagnostic tools has improved with the development of 
AI and computer vision technology. Digitalized WSIs facilitate 
the development of computer-aided diagnostic tools through AI 
applications of intelligent behavior modeled by machines [7]. 

Machine learning (ML) is a subfield within AI that develops 
algorithms and technologies. In 1959, Arthur Samuel defined 
ML as a “field of study that gives computers the ability to learn 
without being explicitly programmed” [8]. Artificial neural 
networks (ANNs) are a statistical learning algorithm inspired 
by biological neural networks such as the human neural archi-
tecture in ML. ANN refers to a general model of artificial neu-
rons (nodes) that form a network by synapse binding and have the 
ability to solve problems by changing synapse strength through 
learning [9]. Deep learning (DL), a particular approach of ML, 
comprises multiple layers of neural networks that usually include 
an input layer, an output layer, and multiple hidden layers [10]. 
Convolutional neural networks (CNNs) are a type of deep, feed-
forward ANN used to analyze visual images. CNN is classified 
as a DL algorithm that is most commonly applied to image 
analysis [11]. Successful computer-aided pathologic diagnostic 
tools are being actively devised using AI techniques, particularly 
DL models [12].

APPLICATION OF DIGITAL PATHOLOGY 

DP covers all pathologic activities using digitalized pathologic 

images generated by digital scanners, and encompasses the pri-
mary diagnosis on the computer monitor screen, consultation by 
telepathology, morphometry by image analysis software, multi-
disciplinary conferences and student education, quality assur-
ance activities, and enhanced diagnosis by CAP.

Recently, primary diagnosis on computer monitor screens us-
ing digitalized pathologic images has been practically approved 
by the Food and Drug Administrations (FDA) of the United 
States of America, the European Union, and Japan [13-15]. 
Dozens of validation studies have compared the diagnostic accu-
racy of DP and conventional microscopic diagnosis during the 
last decade [5,16]. Although most studies have demonstrated 
no inferiority of the diagnostic accuracy of whole slide imaging 
compared to conventional microscopy, study sample sizes were 
mostly limited, and the level of evidence was not high enough 
(only level III and IV). Therefore, an appropriate internal vali-
dation study for diagnostic concordance between whole slide 
imaging and conventional microscopic diagnosis should be per-
formed before implementing DP into individual laboratories 
according to the guidelines suggested by major study groups 
and leading countries.

Telepathology primarily indicates a system that enables patho-
logic diagnosis by transmitting live pathology images through 
online connections using a microscopic system with a remote-
controlled, motorized stage. The limited meaning of “telediag-
nosis” can be used in certain clinical situations in which a patho-
logic diagnosis is made in a remote facility without pathologists. 
Due to recent advances in whole slide imaging technology, faster 
and more accurate acquisition and sharing of high quality digital 
images is now possible. Telepathology has evolved so that DP 
data can be easily used, shared, and exchanged on various systems 
and devices using cloud systems. Because of this ubiquitous 
accessibility, network security and deidentification of personal 
information have never been more important [13].

Morphometric analysis and CAPD techniques will be further 
accelerated by implementation of DP. Ki-67 labeling index is 
traditionally considered one of the most important prognostic 
markers in breast cancer, and various image analysis software 
programs based on ML have been developed for accurate and 
reproducible morphometric analysis. However, DL is more pow-
erful for more complex pathologic tasks such as mitosis detec-
tion for breast cancers, microtumor metastasis detection in sen-
tinel lymph nodes, and Gleason scoring for prostate biopsies. 
Furthermore, DP facilitates the use of DL in pathologic image 
analysis by providing an enormous source of training data. 

DP is also a new opportunity for life-changing advances in 
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education and multidisciplinary conferences. It enables easy 
sharing of pathologic data to simplify preparation of education 
and conference materials. DP mostly uses laboratory automa-
tion systems and tracking identification codes, which reduces 
potential human errors and contributes to patient safety. DP also 
simplifies pathologic review of archived slides. By adopting 
CAPD tools based on DL to review diagnosis, quality assurance 
activities can be performed quickly and with less effort. DL can be 
used to assess diagnostic errors and the staining quality of each 
histologic slide.

When combined with other medical information, such as the 
EMR, hospital information system (HIS), public health infor-
mation and resources, medical imaging data systems like PACS, 
and genomic data such as next-generation sequencing, DP pro-
vides the basis for revolutionary innovation in medical technology. 

IMPLEMENTATION OF DIGITAL PATHOLOGY 
SYSTEM FOR CLINICAL DIAGNOSIS

Recent technological advances in WSI systems have acceler-
ated the implementation of digital pathology system (DPS) in 
pathology. The use of WSI for clinical purposes includes primary 
diagnosis, expert consultation, intraoperative frozen section 
consultation, off-site diagnosis, clinicopathologic conferences, 
education, and quality assurance. The DPS for in vitro diagnostic 
use comprises whole digital slide scanners, viewing and archiving 
management systems, and integration with HIS and LIS. Image 
viewing software includes image analysis systems. Pathologists 
interpret WSIs and render diagnoses using the DPS set up with 
adequate hardware, software, and hospital networks. 

Most recent WSI scanners permit high-speed digitization of 
whole glass slides and produce high-resolution WSI. However, 
there are still differences in scanning time, scan error rate, image 
resolution, and image quality among WSI scanners. WSI scan-
ners differ with respect to their functionality and features, and 
most image viewers are provided by scanner vendors [4]. When 
selecting a WSI scanner for clinical diagnosis, it is important to 
consider the following factors: (1) volume of slides, (2) type of 
specimen (eg, tissue section slides, cytology slides, or hemato-
pathology smears), (3) feasibility of z-stack scanning (focus stack-
ing), (4) laboratory needs for oil-immersion scanning, (5) labo-
ratory needs for both bright field and fluorescence scanning, 
(6) type of glass slides (e.g., wet slides, unusual size), (7) slide 
barcode readability, (8) existing space constraints in the labora-
tory, (9) functionality of image viewer and management system 
provided by vendor, (10) bidirectional integration with existing 

information systems, (11) communication protocol (e.g., XML, 
HL7) between DPS and LIS, (12) whether image viewer soft-
ware is installed on the server or on the local hard disk of each 
client workstation, (13) whether the viewer works on mobile 
devices, and (14) open or closed system. 

It is crucial to fully integrate the WSI system into the existing 
LIS to implement DPS in the workflow of a pathology depart-
ment and decrease turn-around-time [14]. Therefore, informa-
tion technology (IT) support is vital for successful implementa-
tion of DPS. Pathologists should work closely with IT staff, 
laboratory technicians, and vendors to integrate the DPS with the 
LIS and HIS. The implementation team should meet regularly 
to discuss progress on action items and uncover issues that could 
slow or impede progress. 

Resistance to digital transformation can come from any level 
in the department. Documented processes facilitate staff training 
and allow smooth onboarding. Regular support and training 
should be provided until all staff understand the value of DPS 
and perform their tasks on a regular basis. 

DEVELOPMENT OF COMPUTER-AIDED 
PATHOLOGIC DIAGNOSTIC TOOLS

Basics of image analysis: cellular analysis and color 
normalization

The earliest attempt at DP, so-called cell segmentation, de-
tected cells via nuclei, cytoplasm, and structure. Because the 
cells are the basic units of histopathology images, identification 
of the color, intensity, and morphology of nuclei and cytoplasm 
through cell segmentation is the first and most important step 
in image analysis. Cell segmentation has been tried in immuno-
histochemistry (IHC) analysis and hematoxylin and eosin (H&E) 
staining and is a fundamental topic for computational image 
analysis to achieve quantitative histopathologic representation. 

A number of cell segmentation algorithms have been devel-
oped for histopathologic image analysis [17,18]. Several classi-
cal ML studies reported that cellular features of H&E staining, 
nuclear and cytoplasmic texture, nuclear shape (e.g., perimeter, 
area, tortuosity, and eccentricity) and nuclear/cytoplasmic ratio 
carry prognostic significance [19-22]. Cell segmentation algo-
rithms have usually been studied in IHC, which has a relatively 
simple color combination and limited analysis color channel 
compared to H&E staining [23]. For example, IHC staining for 
estrogen receptor (ER), progesterone receptor (PR), human epi-
dermal growth factor receptor 2 (HER2), and Ki-67 is routinely 
performed in breast cancer diagnostics to determine adjuvant 
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treatment strategy and predict prognosis [24,25]. Automated 
scoring algorithms for this IHC panel are the most developed 
and most commonly used, and some are FDA-approved [26-28]. 
Those automated algorithms are superior alternatives to manual 
biomarker scoring in most aspects. Many workflow steps can be 
automated or executed without pathologic expertise to reduce 
the use of a pathologist’s time.

Conventional ML algorithms for cell segmentation utilize 
combinations of median filtering, thresholds, watershed segmen-
tation, contour models, shape dictionaries, and categorizing 
[26]. It is often necessary to adjust detailed settings when using 
these algorithms to avoid under- and over-segmentation (Fig. 
1). Nuclear staining (e.g., ER, PR, and Ki-67) and membra-
nous staining (e.g., HER2) clearly shows the boundary between 
nuclei or cells, whereas cytoplasmic staining has no clear cell 
boundary, limiting algorithm development. However, the recent 
development of technology using DL has resulted in algorithms 
showing better performance [29,30]. Quantitative analysis has 
recently been included in various tumor diagnosis, grading, and 
staging criteria. Neuroendocrine tumor grading requires a dis-
tinct mitotic count and/or Ki-67 labeling index [31,32]. With 
recent clinical applications of targeted therapy and immuno-
therapy, quantification of various biomarkers and tumor micro-
environmental immune cells has become important [33-35]. 
Therefore, accurate cell segmentation algorithms will play an 
important role in diagnosis, predicting prognosis, and deter-
mining treatment strategy.

Color normalization is a standardization or scaling procedure 
often used in the data processing phase in preparation for ML. 
The quality of H&E stained slides varies by institution and is 
affected by dye concentration, staining time, formalin fixation 
time, freezing, cutting skill, type of glass slide, and fading color 
after staining (Fig. 2). H&E stained slides also show diversity 
within the same institution (Fig. 2A, D). The color of each slide 
is also affected by the slide scanner and settings. If excessive stain-
ing variability is present in a dataset, application of a threshold 
may produce different results due to different staining or imag-
ing protocols rather than due to unique tissue characteristics. 
Therefore, color normalization for such algorithms improves their 
overall performance. A number of color normalization approaches 
have been developed that utilize intensity thresholds, histogram 
normalization, stain separation, color deconvolution, structure- 
based color classification, and generative adversarial networks 
[36-41]. However, it is important to evaluate and prevent the 
image distortion that can result from these techniques.

Region of interest selection and manual versus automated 
image annotations

Pathologists play an important role in guiding algorithm devel-
opment. Pathologists have expertise in the clinicopathologic pur-
pose of algorithm development, technical knowledge of tissue 
processing, selecting data for use in an algorithm, and validating 
the quality of generated output to produce useful results. Region 
of interest (ROI) selection for algorithm development is usually 

Fig. 1. Under- (A) and over-nuclear (B) nuclear segmentation. Under- and over-nuclear segmentation results in ImageJ (open-source tool). 
Immunohistochemical staining images for Ki-67 antibody shows nuclear presentation. As the settings for range of diameter, area eccentricity 
and staining intensity change, segmentation algorithm shows different results. (A) algorithm failed to detect some positive nuclei. (B) algo-
rithm showed that too many small non-specific stains were counted in the positive nucleus, resulting in over-nuclear counting. As a result, 
the count of (A) algorithm was 88, and the count of (B) algorithm was 130.

A B
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performed by a pathologist. Depending on the subject, various 
ROI size assignments may be required. Finely defined ROIs allow 
an algorithm to focus on specific areas or elements, resulting in 
faster and more accurate output. Annotation is the process of 
communicating about ROIs with an algorithm. Annotations 
allow the algorithm to know that a particular slide area is impor-
tant and focus on it for analysis. Annotation includes manual 
and automatic methods. In addition to ensuring the quality of 
annotations, pathologists can gain valuable insight into slide data 
and discover specific problems or potential pitfalls to consider 
during algorithm development.

Manual annotation involves drawing on the slide image with 
digital dots, lines, or faces to indicate the ROI of the algorithm. 
Both inclusion and exclusion annotations may be present depend-
ing on the algorithm analysis method. Inclusion and exclusion 
annotations may target necrosis, contamination, and any other 
type of artifact. However, manual annotation is costly and time-
consuming because it must be performed by skilled technicians 
with confirmation and approval by a pathologist. Various tools 
have been developed to overcome the shortcomings of manual 

annotations, including automated image annotation and pre-
developed commercial software packages [42]. Because these 
tools may compromise accuracy, a pathologist must confirm the 
accuracy of automated annotations. Recently, several studies have 
tried to overcome the difficulties of the annotation step through 
weakly supervised learning from the label data of slides or mix-
ing label data with detailed annotation data [43]. Crowdsourcing 
is also used, which involves engaging many people, including non-
professionals, using web-based tools. Crowdsourcing has been 
used successfully for several goals [44,45]. While it is cheaper 
and faster than expert pathologist annotations, it is also more 
error-prone. Some detailed pathologic analyzes are available 
only to well-trained professionals.

Pathologist’s role in CAPD tool development and data 
review

Pathologists play an important role in CAPD tool develop-
ment, from the data preparation stage to review of interpreta-
tions generated by the algorithm. Pathologists should play a 
role in identifying and resolving problems in every process of the 

Fig. 2. Various hematoxylin and eosin (H&E) staining color attributes. (A–F) Six H&E staining images for colonic mucosa represent color prop-
erties that usually occur in various laboratory settings or image scanning methods. Panels A and D were stained in the same laboratory.

A

D

B

E

C

F
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algorithm during development [46]. If biomarker expression 
analysis via staining intensity is included in CAPD tool devel-
opment, the final algorithm threshold should be reviewed and 
approved by a pathologist before each data generation. For exam-
ple, pathologists also confirm and advise whether cells or other 
structures are correctly identified and enumerated, whether the 
target tissue can be correctly identified and analyzed separately 
from other structures, and whether staining intensity is properly 
classified. The algorithm does not have to be performed with 
100% precision and accuracy, but a reasonable level of perfor-
mance must be met that is relevant to the general goals of the 
analysis. Clinical studies that inform treatment decisions or prog-
nosis may need to meet more stringent criteria for accurate classi-
fication, including staining methods and types of scanners. Cer-
tain samples that do not meet these predetermined criteria should 
be detected and excluded from the algorithm.

When the test CAPD tool meets the desired performance 
criteria, validation can be performed on a series of slides. Pathol-
ogists should review the resulting data derived from the algo-
rithm to examine the CAPD tool’s performance. Analysis review 
should inform general questions, data interrogated through im-
age analysis, and clinical impact on patients. Only results from 
CAPD tools that have passed pathologist and general perfor-
mance criteria should be included in the final step. Quality assur-
ance at different stages of slide creation is important to achieve 
optimal value in image analysis. Thus, humans are still required 
for quality assurance of digital images before they are processed 
by image analysis algorithms. Similarly, the technical aspects of 
slide digitization can affect the results of digital images and final 
image analysis. Color normalization techniques can help to solve 
these problems.

To clinically use a CAPD tool, it is important to know the 
intended use of the algorithm and ensure that the CAPD tool is 
properly validated for specific tissue conditions, such as frozen 
tissue, formalin-fixed tissue, or certain types of organs. In the 
future, commercial solutions for CAP will be available in the 
clinical field. However, CAPD tools must be internally validated 
by pathologists at each institution before they are used for clini-
cal practice.

LIMITATIONS OF CURRENT 
COMPUTER-AIDED PATHOLOGY

As many have already pointed out, the current AI-based CAP 
has several limitations. Tizhoosh and Liron have listed a num-
ber of problems that CAP should address, including vulnerabili-

ty to adversarial attacks, capability limited to a certain diagnostic 
task, obscured diagnostic process, and lack of interpretability [47]. 
Specifically, lack of interpretability is unacceptable to the medical 
society. Other literature lists practical issues which may apply 
to pathologic AI: slow execution time of CAP, opacity of CAPD 
development process, insufficient clinical validation of CAP, and 
limited impact on health economics [48]. Another substantial 
issue mentioned was frequent workflow switching induced by 
limited integration of CAPD applications within the current 
pathology workflow. Beyond disease detection and grading, CAP 
should be able to provide an integrated diagnosis with a num-
ber of analyses on various data [49]. Rashidi et al. [50] empha-
sized the role of pathologists in developing CAPD tools, espe-
cially in dealing with CAP performance problems caused by lack 
of data and model limitations. These limitations can be summa-
rized as follows: (1) lack of confidence in diagnosis results, (2) in-
convenience in practical use, and (3) simplicity of function (Table 
1). These limitations can be overcome by close collaboration 
among AI researchers, software engineers, and medical experts.

Confidence in diagnostic results can be improved by formal-
izing the CAP development and validation processes, expanding 
the size of validation data, and enhancing understanding of the 
CAPD.

CAPD products can only enter the market as medical devices 
with the approval of regulatory agencies. The approval process 
for medical devices requires validation of the medical device de-
velopment process, including validation of CAPD algorithms if 
applicable [51]. It is notable that regulatory agencies are already 
preparing for regulation of adaptive medical devices that learn 
from information acquired in operation. To formalize the valida-
tion process, it is desirable to assess the performance change of the 
CAP based on input variation induced by several factors, such 
as quality of tissue samples, slide preparation process, staining 

Table 1. Current limitations of AI-based computer-assisted patho-
logical diagnosis

Limitations

Lack of confidence in diagnostic results
Opacity of the diagnostic process
Lack of interpretability of diagnostic results
Opacity in the AI   development process
Insufficient validation of AI
Inconvenience in practical use
Slow execution time of AI
Lack of clinical workflow integration
Simplicity of function
Limited to certain data and specific tasks

AI, artificial intelligence.
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protocol, and slide scanner characteristics. This is similar to the 
validation process for existing in vitro diagnostic devices such as 
reagents. Validation data that covers diverse demographics is de-
sirable. The use of validation data covering multiple countries and 
institutions increases the credibility of validation results [43]. 
Regulatory agencies require data from two or more medical insti-
tutions in clinical trials for medical device approval, so CAPDs 
introduced in the market as approved medical devices should 
be sufficiently validated.

The ability to explain CAP is a hot topic in current AI research. 
According to a recently published book on the interpretability 
of ML, which comprise the majority of current AI, interpreta-
tion approaches to complex ML models are largely divided into 
two categories: visualization of important features in the deci-
sion process and example-based interpretation of decision out-
put [52]. Important feature visualization in ML models includes 
Visualizing Activation Layers [53], SHAP [54], Grad-CAM [55], 
and LIME [56]. These methods can be used to interpret a model’s 
decision process by identifying parts of the input that have played 
a role. In applications to pathologic image analysis, an attention 
mechanism was used to visualize epithelial cell areas [57]. Arbi-
trary generated counterfactual examples can be used to describe 
how input change affects to model output [58]. Case-based rea-
soning [59,60] can be combined with the interpretation target 
model to demonstrate consistency between model output and 
reasoning output of the same input [61]. Similar image search 
can also be used to show that AI decisions are similar to human 
annotations on the same pathologic image, and systems such as 
SMILY can be used for this purpose [62].

Inconvenience in practical use can be solved by accelerating 
execution of AI and integrating it with other existing IT systems 
in medical institutions. In addition to hardware that provides 
sufficient computing power, software optimization must be 
achieved to accelerate AI execution. This includes removal of 
data processing bottlenecks and data access redundancy as well 
as model size reduction. Medical IT systems include HIS, EMR, 
and PACS, which are integrated with each other and operate 
within a workflow. CAPD systems, digital slide scanners, and 
slide IMS should participate in this integration so they can be 
easily utilized in a real-world workflow. The problem of CAPD 
systems being limited to specific data and tasks can be relieved 
by adding more data and more advanced AI technologies, includ-
ing multi-task learning, continual learning, and reinforcement 
learning.

CONCLUSION

DP and CAP are revolutionary for pathology. If used properly, 
DP and CAP are expected to improve convenience and quality 
in pathology diagnosis and data management. However, a vari-
ety of challenges remain in implementation of DPS, and many 
aspects must be considered when applying CAP. Implementa-
tion is not limited to the pathology department and may involve 
the whole institution or even the entire healthcare system. CAP 
is becoming clinically available with the application of DL, but 
various limitations remain. The ability to overcome these limi-
tations will determine the future of pathology.
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The gut-associated lymphoid tissue (GALT) system consists 
of scattered lymphoid cells in the lamina propria and organized 
lymphoid aggregates or follicles in the mucosa or submucosa 
[1-5]. GALT serves as part of both the immune system and the 
mucosal repair system of the gastrointestinal tract [1,6]. The 
association between GALT and various colorectal pathologic 
conditions-from inflammatory bowel disease to benign and 
malignant neoplasms-has been discussed [7-10]. Colorectal 
epithelial neoplasms located in the submucosa and surrounded 
by GALT may be encountered in daily practice and occasionally 
cause difficulties in differential diagnosis. The term “GALT 
carcinoma” has been suggested as a distinct malignancy arising 
from the GALT mucosal domain and representing the “third path-
way of colorectal carcinogenesis”. However, GALT carcinoma is 
not recognized as a distinct histologic subtype in current colorectal 
cancer classifications [2,11-28]. A few studies have suggested 

GALT-associated pseudoinvasion/epithelial misplacement (PEM) 
as a consideration in the differential diagnosis of GALT-associ-
ated tumors [11,12]. However, there are few studies in the Korean 
literature clarifying the pathologic nature of colorectal epithelial 
neoplasms located in submucosal GALT. Herein, we investigated 
the clinicopathologic characteristics of colorectal epithelial neo-
plasms associated with submucosal GALT. 

MATERIALS AND METHODS

Case selection

Eleven cases of colorectal epithelial neoplasm, involving submu-
cosal GALT, identified after endoscopic submucosal dissection, 
were studied from the pathologic archives of Kosin University 
Gospel Hospital (Busan, Korea), over a 7-year period from January 
2012 to December 2018. 
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Clinicopathologic analysis

The following clinicopathologic features were extracted from 
the medical record: age, sex, location, endoscopic appearance. 
The location of the neoplasm was classified according to the 
International Classification of Diseases for Oncology classifica-
tion [29] and was categorized into either right-sided colon 
(including cecum, ascending colon, hepatic flexure and trans-
verse colon) or left-sided colon (including splenic flexure, de-
scending colon, sigmoid colon, and rectum) [30]. 

The endoscopic appearance of the neoplasms were classified 
according to the Paris classification [31-35]. With regard to the 
distinction between sessile protruding type (0-Is) and slightly 
elevated non-protruding type (0-IIa), a more practical definition 
was applied instead of the definition using the cut-off value of 
2.5mm or twice the thickness of surrounding normal colorectal 
mucosa: a superficial neoplastic lesion with the height more 
than one-third of the diameter was classified into protruding 
type [31,35].

Histopathologic evaluation

For each case, hematoxylin and eosin-stained slides were 
reviewed, and the pathologic diagnoses were reclassified by 
three pathologists (Y.H.J., J.H.A., and H.K.C.). 

Submucosal GALT was defined as lymphoid aggregates or 
follicles located below the muscularis mucosae [3,6,8]. A 
colorectal epithelial neoplasm located in the submucosal GALT 
was defined as a colorectal epithelial neoplasm involving the 
submucosal GALT. 

Conventional adenomas were classified into three subtypes 
based on the amount of villous component: tubular (villous 
component less than 25%), tubulovillous (villous component 
25% to 75%), and villous adenoma (villous component more 
than 75%) [36]. 

Dysplasia was graded into either low-grade or high-grade. 
Non-complex architecture with elongated and pseudostratified 
nuclei was graded as low-grade dysplasia [36]. Complex architec-
ture (markedly irregular, crowded, cribriform, or fused glands) 
with accompanying cytologic features (loss of nuclear polarity, 
pleomorphic nuclei) was graded as high-grade dysplasia [36]. 
Dysplastic glands without complex architecture were not 
considered high-grade dysplasia. 

The following histologic features for PEM were evaluated: 
grade of dysplasia in submucosal glands, continuity of submuco-
sal glands with surface adenomatous component, focal defect of 
muscularis mucosae adjacent to submucosal GALT, hemosiderin 
deposits in submucosa, contour of submucosal GALT, cystic dila-

tion of submucosal glands, and admixture of submucosal glands 
with normal colonic epithelium [11,12,37-45].

The following histologic features suggesting frank invasion 
were evaluated: desmoplasia, single or small clusters of tumor 
cells, and lymphovascular invasion [46].

The following histologic features characteristic of GALT carci-
noma were evaluated: oncocytic cytoplasm of submucosal glands 
and depletion of goblet cells in submucosal glands [13-28,47].

The size of the entire tumor was measured to the first digit after 
the decimal point (cm). The diameter of the largest isolated sub-
mucosal lymphoid aggregate or follicle involved by the neoplasm 
was measured to the second digit after the decimal point (cm).

Immunohistochemical study

To evaluate the muscularis mucosae, immunohistochemical 
staining for desmin was performed. Paraffin-embedded tissue 
sections with 5 µm thickness were deparaffinized in xylene and 
rehydrated by a graded series of ethyl alcohol concentrations. 
Heat-induced antigen retrieval was carried out in citrate buffer 
(pH 6.0). Sections were incubated with the primary antibody for 
desmin (1:200, D33, DAKO, Glostrup, UK) in a Bond-MAX 
automated immunostainer (Leica, Wetzlar, Germany) according 
to the manufacturer’s protocols. Counterstaining with Mayer’s 
hematoxylin was performed.

Statistical analysis

Clinical features including location (number 1 assigned for 
right-sided, number 2 assigned for left-sided), sex (number 1 
assigned for male, number 2 assigned for female), and endoscop-
ic appearance (number 1 assigned for protruding, number 2 as-
signed for non-protruding) were analyzed by single sample t 
test with a test value of 1.5. 

The relationship between “the grade of dysplasia in the sub-
mucosal GALT” and pathologic features (including pathologic 
size of the entire lesion and largest diameter of isolated submucosal 
GALT involved) were analyzed by Mann-Whitney test. 

The relationship between “the grade of dysplasia in the sub-
mucosal GALT” and the remaining clinicopathologic features 
(including those for PEM, frank invasion, and GALT carcinoma) 
were analyzed by chi-square test and Fisher exact probability 
test. 

A p-value less than .05 was considered statistically significant. 
All statistics were analyzed using SPSS ver. 25.0 (IBM Corp., 
Armonk, NY, USA).
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Ethics statement

This retrospective study was approved by the Institutional 
Review Board of Kosin University Gospel Hospital with a 
waiver of informed consent (IRB No. 2019-08-009) and 
performed in accordance with the principles of the Declaration 
of Helsinki [48].

RESULTS

Clinical characteristics

In the 11 cases of colorectal neoplasms involving submucosal 
GALT, the median age was 59 years (ranging from 53 to 73 
years). Eight cases (72.7%) occurred in males. Only one case (case 
3) showed protruding or “dome-shaped” endoscopic appearance. 
The other 10 cases showed non-protruding endoscopic appearance. 
Eight cases (72.7%) were in the right-sided colon. Clinical char-
acteristics of the 11 cases were summarized in Tables 1 and 2. 

With median follow-up duration of 17 months (ranging from 5 
to 61 months), no recurrence was identified (data not shown in 
Tables 1 and 2).

Pathologic features

The pathologic diagnoses of the 11 cases included tubular ad-
enoma with low grade dysplasia (n = 3, 27.3%) and tubular ade-
noma with high-grade dysplasia (n = 8, 72.7%). Three cases 
(27.3%) showed high-grade dysplasia in submucosal glands; the 
other eight cases (72.7%) showed low-grade dysplasia in sub-
mucosal glands. Nine cases (81.8%) showed continuity be-
tween submucosal and surface adenomatous components. Nine 
cases showed (81.8%) a focal defect or discontinuation of the 
muscularis mucosae adjacent to submucosal GALT (Fig. 1). No 
case showed hemosiderin deposition in the submucosa. Ten cases 
(90.9%) had rounded or lobular architecture of submucosal 
GALT involved in the glands; in the other case without rounded 

Table 1. Clinicopathologic characteristics of colorectal neoplasm associated with submucosal GALT

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10 Case 11

Age (yr) 56 58 66 53 70 71 55 73 73 59 54
Sex F M F M M M M F M M M
Location Rectum Ascending Sigmoid Ascending Transverse Ascending Rectum Transverse Transverse HF Transverse
Endoscopic appearancea 0-IIa + Is 0-IIa 0-Is 0-IIa 0-IIa 0-IIa 0-IIc 0-IIa 0-IIa + Is 0-IIa 0-IIa
Pathologic diagnosis TA w/

HGD
TA w/
HGD

TA w/
HGD

TA w/ 
HGD

TA w/ 
HGD

TA w/ 
LGD

TA w/ 
HGD

TA w/ 
HGD

TA w/ 
HGD

TA w/ LGD TA w/ LGD

Dysplasia in the SM GALT LGD LGD HGD LGD LGD LGD LGD HGD HGD LGD LGD
Continuity of SM glands  
  with surface adenomatous  
  component

+ 
 

– 
 

+ 
 

+ 
 

+ 
 

+ 
 

– 
 

+ 
 

+ 
 

+ 
 

+ 
 

Focal defect of MM adjacent  
  to the SM GALT

+ – + + + + – + + + – 

Hemosiderin deposit in  
  the SM

– – – – – – – – – – – 

Rounded contour of involved  
  SM GALT

+ + – + + + + + + + + 

Cystic dilatation of SM glands + – + – – – – – – – +
Admixture of SM glands with  
  normal colonic epithelium

– – – – – – – – – – + 

Desmoplasia – – – – – – – – – – –
Single or small clusters of  
  tumor cells in the SM GALT

– – – – – – – – – – – 

Lymphovascular invasion – – – – – – – – – – –
Oncocytic cytoplasm of the  
  SM glands

– – – – – – – – – – – 

Goblet cells in the SM glands + + – – + – + + + – +
Histologic size of the entire  
  tumor (cm)

1.7 1.4 1.5 2.2 1.2 2.1 1.5 1.8 1.2 2.7 1.8 

The largest diameter of  
  isolated SM GALT (cm)

0.14 0.13 0.33 0.17 0.14 0.21 0.29 0.12 0.23 0.14 0.19 

GALT, gut-associated lymphoid tissue; F, female; M, male; TA, tubular adenoma; w/, with; HGD, high-grade dysplasia; LGD, low-grade dysplasia; SM, sub-
mucosa or submucosal; 0-Is, protruding and sessile type; 0-IIa, flat elevated type; 0-IIc, slightly depressed type; +, present; –, absent; ±, inconspicuous.
aEndoscopic appearance was classified according to the Paris classification. 0-IIa+Is corresponds to “nodular mixed type of the granular laterally spreading 
tumor.” 0-IIa corresponds to either “homogeneous type of granular laterally spreading tumor” or “flat elevated type of non-granular laterally spreading tumor.”
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Table 2. Summary of clinicopathologic characteristics of colorectal neoplasm associated with submucosal GALT and relationship with grade 
of dysplasia in submucosa

Total (n = 11) HGD in the SM (n = 3) LGD in the SM (n = 8) p-value

Age (yr) 59 (53–73) 73 (66–73) 57 (53–71)
Sex .138

Male 8 (72.7) 1 (33.3) 7 (87.5)
Female 3 (27.3) 2 (66.7) 1 (12.5)

Endoscopic appearancea .001
Protruding 1 (9.1) 1 (33.3)  0 
Non-protruding 10 (90.9) 2 (66.7) 8 (100)

Location .138
Right-sided 8 (72.7) 2 (66.7) 6 (75.0)
Left-sided 3 (27.3) 1 (33.3) 2 (25.0)

Pathologic diagnosis of entire ESD specimen .491
HGD 8 (72.7) 3 (100) 5 (62.5)
LGD 3 (27.3) 0 3 (37.5)

Continuity of SM glands with surface adenomatous component > .99
Continued 9 (81.8) 3 (100.0) 6 (75.0)
Discontinued 2 (18.2) 0 (0.0) 2 (25.0)

Focal defect of MM adjacent to SM GALT > .99
Continued 2 (18.2) 0 2 (25.0)
Discontinued 9 (81.8) 3 (100) 6 (75.0)

Hemosiderin deposit in the SM –
Present 0 0  0 
Absent 11 (100) 3 (100) 8 (100)

Contour of involved SM GALT .273
Rounded 10 (90.9) 2 (66.7) 8 (100)
Irregular 1 (9.1) 1 (33.3)  0 

Cystic dilatation of SM glands > .99
Present 3 (27.3) 1 (33.3) 2 (25.0)
Absent 8 (72.7) 2 (66.7) 6 (75.0)

Admixture of SM glands with normal colonic epithelium > .99
Present 1 (9.1) 0 1 (12.5)
Absent 10 (90.9) 3 (100) 7 (87.5)

Desmoplasia –
Present 0 0  0 
Absent 11 (100) 3 (100) 8 (100)

Single or small clusters of tumor cells in the SM GALT –
Present 0 0  0 
Absent 11 (100) 3 (100) 8 (100)

Lymphovascular invasion –
Present 0 0  0 
Absent 11 (100) 3 (100) 8 (100)

Oncocytic cytoplasm of the SM glands –
Present 0 0  0 
Absent 11 (100) 3 (100) 8 (100)

Goblet cells in the SM glands –
Present 7 (63.6) 2 (66.7) 5 (62.5)
Absent 4 (36.4) 1 (33.3) 3 (37.5)

Pathologic size of entire lesion (cm)  1.7 (1.2–2.7) 1.5 (1.2–1.8) 1.75 (1.2–2.7)
The largest diameter of isolated SM GALT (cm) 0.17 (0.12 –0.33) 0.23 (0.12– 0.33) 0.155 (0.13–0.29)

Values are presented as median (range) or number (%).
GALT, gut-associated lymphoid tissue; HGD, high-grade dysplasia; SM, submucosa or submucosal; LGD, low-grade dysplasia; ESD, endoscopic submuco-
sal dissection.
aEndoscopic appearance was classified according to the Paris classification.
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Fig. 1. Continuity of submucosal glands with surface adenomatous component and focal defect of muscularis mucosae adjacent to submuco-
sal gut-associated lymphoid tissue (GALT). (A) Case 5. Tubular adenoma with high-grade dysplasia. Histologic continuity of submucosal glands 
with surface adenomatous component is seen. Submucosal glands with low-grade dysplasia show similar degree of differentiation compared 
with surface component. However, this neoplasm shows focal area of glands with complex architecture and corresponding high-grade cyto-
logic features in surface mucosa elsewhere (depicted in inset). This case is more compatible with tubular adenoma with high-grade dysplasia 
than invasive adenocarcinoma, which usually shows less differentiated tumor cells in the deepest part of invasion. (B) Immunohistochemical 
(IHC) staining for desmin in case 5 shows focal defects of the muscularis mucosae with GALT-associated pseudoinvasion/epithelial misplace-
ment (PEM). (C) Case 9. Tubular adenoma with high-grade dysplasia. Both surface adenomatous component and submucosal glands show 
high-grade dysplasia and histologic continuity across the muscularis mucosae. (D) IHC staining for desmin in case 9 highlights discontinuous 
muscularis mucosae. (E) Case 2. Tubular adenoma with high-grade dysplasia. In contrast to cases 5 and 9, no histologic continuity of submu-
cosal glands with surface adenomatous component is seen. Inset depicts glands with high-grade dysplasia in surface mucosa. Narrow rim 
surrounding submucosal glands is not compatible with typical desmoplasia. Absence of single tumor cells/small clusters of tumor cells, poorly 
formed or back-to-back glands, solid tumor nests, or “true” desmoplasia favor diagnosis of tubular adenoma with high-grade dysplasia involving 
GALT (PEM) over adenocarcinoma with “true” submucosal invasion. (F) Intact muscularis mucosae with subjacent GALT of case 2 is identified 
with IHC staining for desmin. (G) Case 11. Tubular adenoma with low-grade dysplasia. Cystically dilated tumor glands cross through the mus-
cularis mucosae. Note simultaneous crossing over by non-neoplastic glands (indicated by arrow). (H) IHC staining for desmin in case 11. PEM 
via GALT is accompanied by discontinuous muscularis mucosae rather than hypertrophy of muscularis mucosae. 
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architecture (case 3), the tumor glands under the imaginary line 
connecting the adjacent muscularis mucosa beneath the normal 
mucosa were partly surrounded by submucosal GALT (Fig. 2). 
Three cases (27.3%) showed cystically dilated submucosal glands. 
Only one case (9.1%, case 11) showed an admixture of non-neo-
plastic glands and neoplastic glands in the submucosal GALT. 
No case showed a desmoplastic reaction. No case showed a sin-
gle tumor cell or small clusters of tumor cells in the submucosal 

GALT. No case showed oncocytic cytoplasm of submucosal 
glands. Seven cases (63.6%) showed goblet cells in submucosal 
glands. The median value of the histologic size of the entire tumor 
was 1.7 cm (range, 1.2 to 2.7 cm). The median value of the largest 
diameter of the isolated submucosal GALT involved by epithelial 
neoplasm was 0.17 cm (range, 0.12 to 0.33 cm). Pathologic 
characteristics of the 11 cases were summarized in Tables 1 and 2.

All 11 cases of colorectal epithelial neoplasm involving submu-

Fig. 2. Case 3. (A) Histologic continuity along with subtle rimming of muscularis mucosae in submucosa (so-called herniation pattern) favor 
diagnosis of tubular adenoma with high-grade dysplasia over invasive adenocarcinoma. Depth of neoplasm is more than twice the thickness 
of surrounding normal colorectal mucosa. (B) Endoscopic appearance of case 3. Exact measurement of neoplasm depth is not available for 
endoscopist. Superficial neoplastic lesion with height more than one-third of diameter is compatible with the protruding type. (C) Immunohis-
tochemical staining for desmin in case 3. Rimming of muscularis mucosa is indicated by red arrows. (D) Glands with high-grade dysplasia 
are seen under imaginary line connecting adjacent muscularis mucosa beneath normal mucosa. Panel D corresponds to green boxes of 
panels A and C. (E) Glands of surface mucosal layer with high-grade dysplasia.
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cosal GALT had a submucosal tumor component more compati-
ble with PEM (Figs. 1, 2).

Clinicopathologic characteristics of colorectal neoplasm 
associated with submucosal GALT in relation to grade of 
dysplasia

No statistically significant difference in pathologic size of the 
entire lesion was identified between the two groups (high-grade 
dysplasia in submucosa versus low-grade dysplasia in submuco-
sa). No statistically significant difference of the largest diameter 
of isolated submucosal GALT involved was identified between 
the two groups (high-grade dysplasia in the submucosa versus 
low-grade dysplasia in the submucosa) (Table 2).

No statistically significant relationship between grade of dyspla-
sia in the submucosa (high-grade dysplasia versus low-grade 
dysplasia) and pathologic features (including pathologic features for 
PEM; continuity of submucosal glands with surface adenomatous 
component, focal defect of muscularis mucosae adjacent to 
submucosal GALT, hemosiderin deposit in the submucosa, 
contour of submucosal GALT, cystic dilation of submucosal 
glands, and admixture of submucosal glands with normal colonic 
epithelium; pathologic features for frank invasion; desmoplasia, 
single tumor cell or small clusters of tumor cells, and lymphovas-
cular invasion; and pathologic features for GALT carcinoma; on-
cocytic cytoplasm of submucosal glands and depletion of goblet 
cells in submucosal glands) was identified (Table 2).

DISCUSSION

A consistent and close association between GALT, particularly 
organized lymphoid aggregates in the submucosa, and colorectal 
carcinogenesis, has been reported in rodent models despite scarce 
incidence of GALT in normal rat intestine [49-53]. However, 
the specific role of GALT in human colorectal carcinogenesis is 
not fully understood [6]. Herein, we analyzed the clinicopatho-
logic features of eleven colorectal epithelial neoplasms involving 
submucosal GALT. 

Eight cases (72.7%) were in males. However, validation with a 
larger number of cases is required to investigate the possible sex 
predilection of GALT-associated neoplasms. Fu et al. [8] reported 
significantly higher incidence of GALT in the early colorectal 
neoplasms of females compared to those of males.

Eight cases (72.7%) were located in the right-sided colon. 
Kealy [5] reported a more frequent incidence of GALT in the 
distal colon compared with the proximal colon. Langman and 
Rowland [4] reported similar relative abundance of GALT in 

the rectum, but the mean density of GALT in the normal human 
large intestine was approximately eight times higher than that 
of the previous report; the normal density of GALT in the proximal 
colon was not as low as that of previous data [54]. They attributed 
this gap to differences in the techniques used [4]. O’Leary and 
Sweeney [55] reported the greatest normal frequency of GALT 
in both the rectum and cecum, which has relatively abundant 
microflora [1]. Lee et al. [12] also reported the right side predi-
lection of GALT-associated neoplasms (“tubular adenoma with 
pseudoinvasion” in their study).

Fu et al. [8] reported the different incidences of GALT accord-
ing to different macroscopic types of colorectal neoplasm. They 
reported that neoplasms with depressed or flat macroscopic types 
showed significantly higher incidence of submucosal GALT than 
neoplasms with protruding macroscopic types [8]. In our study, 
10 cases (90.9%) showed non-protruding endoscopic appearanc-
es; the endoscopic appearance of the one other case (case 3) was 
protruding type (0-Is according to Paris classification) [31]. Sev-
eral reports have emphasized the non-protruding macroscopic 
appearance of GALT-associated colorectal neoplasms [2,22,56]. 

GALT carcinoma and GALT-associated PEM share some 
overlapping histopathologic features, including submucosal lo-
calization, well defined round contour with expansive growth, 
absence of desmoplasia, cystically dilated glands, and close asso-
ciation with submucosal GALT [12,13]. Most cases of GALT 
carcinoma reported so far were confined to the submucosal lay-
er; only two of 23 cases reported as GALT carcinoma showed 
tumor extension beyond the submucosa [13,16,19,24]. Some 
prefer to use the term “pseudoinvasion” over “epithelial mis-
placement,” emphasizing the expansive lobular growth pattern 
of tumor glands located in the submucosa after herniation [41]. 
In fact, the unique histologic features of GALT carcinoma had 
once been attributed to the result of PEM from overlying con-
ventional adenomas. Thus, the term “lymphoid-associated neo-
plasia in the herniated colonic epithelium” was once presented 
[25,47]. One case report author used the term “adenomatous 
polyp,” but other researchers have used the term “GALT carci-
noma” [13,15].

The presence of lamina propria surrounding submucosal 
glandular structures strongly indicates PEM [11,12,37-45,57]. 
Absence of lamina propria surrounding submucosal glands 
along with discontinuity between surface adenomatous compo-
nent and submucosal glands has been presented as a distinct 
feature of GALT carcinoma [13,18]. However, as normal lamina 
propria is occasionally occupied by GALT, a rim of lamina pro-
pria surrounding the submucosal glands can be obscured by 
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GALT. We are unable to suggest any specific reliable criteria with 
acceptable interobserver agreement regarding lamina propria 
rimming. Also, the absence of continuity between the surface 
adenomatous component and submucosal glands does not com-
pletely exclude the possibility of PEM, as shown in our study 
(cases  2 and 7). 

Nevertheless, unique cytologic features that are distinctive of 
GALT carcinoma have been suggested, including submucosal 
glands lined by a single layer of columnar cells with oncocytic 
cytoplasm and lack of goblet cells. Both of these features are 
reminiscent of special cell types in follicle-associated epithelium 
[2]. In our study, seven cases (63.6%) showed goblet cells in the 
submucosa. No case showed submucosal glands lined by a single 
layer of oncocytic columnar cells. Hence, we insist that all 11 
cases in this study have a submucosal tumor component more 
compatible with GALT-associated PEM.

Since their first description by Muto et al. [38], hemosiderin 
deposits in the submucosa, along with granulation tissue and 
fibroinflammatory reaction (so-called siderogenous desmopla-
sia), were considered characteristic histologic features of benign 
submucosal epithelium that are distinct from those of true in-
vasive carcinoma [11,12,37-45,57]. The classic explanation is 
that repeated twisting or torsion of a long stalk of pedunculated 
polyp can cause epithelial misplacement into the submucosa to 
result in these histologic features. This is further supported by 
the preponderant occurrence in the sigmoid colon, where peri-
stalsis is the most powerful [12,38,41]. However, in our study, 
no siderogenous desmoplasia indicating repeat tissue damage 
was identified. All eleven cases had the non-pedunculated mac-
roscopic type and occurred both on the right-sided and left-sid-
ed of the colon. One possible explanation is that PEM in non-
pedunculated colorectal neoplasms may be ascribed to a relative 
abundance of submucosal GALT. With respect to ‘the microan-
atomical defect of muscularis mucosae’ and ‘the size of the sub-
mucosal GALT’, Kealy [5] reported a positive correlation be-
tween maximum diameters of lymphoid nodules and gaps in 
the muscularis mucosae. In our study, the median value of the 
largest diameter of isolated submucosal GALT was 0.17 cm 
(range, 0.12 to 0.33 cm). Increased number and size of submu-
cosal lymphoid follicles can result in microanatomic defects in 
the muscularis propria, eventually causing GALT-associated 
PEM [11,12].

The defining feature of colorectal cancer, in contrast to premalig-
nant neoplasm, is invasion of the muscularis mucosae into the 
submucosa [36,58-61]. This definition of colorectal adenocarcino-
ma is partly based on histologic knowledge that there are no lym-

phatic vessels in normal colonic lamina propria. There is also a lack 
of clinicopathologic data showing intramucosal carcinoma with 
nodal metastasis, although ‘the presence of lymphatic vessels in the 
colonic lamina propria of the pathologic states’ and ‘the presence of 
lymphovascular invasion in the colorectal intramucosal carcinoma’ 
have been reported [62-65]. In certain circumstances, colorectal 
epithelial neoplasms can extend into the submucosa without 
histologic features of frank invasion. 

Conventional cytologic features, such as anaplasia, loss of 
nuclear polarity, and nuclear-cytoplasmic ratio, have been used 
as criteria for the differential diagnosis of PEM versus true invasion, 
although this distinction is not widely accepted [57]. Adenoma-
tous component showing high-grade dysplasia in the submucosa 
can mimic malignancy [40,41]. However, the grade of dysplasia 
in the submucosa itself may not match other pathologic parameters 
for the differential diagnosis of PEM. In our study, no statistical 
significance was identified in the relationship between “the 
grade of the dysplasia in the submucosa (high-grade dysplasia 
versus low-grade dysplasia)” and “the clinicopathologic features 
(including pathologic features for PEM, frank invasion, and 
GALT carcinoma).” Additionally, six cases showed similar 
grades of dysplasia between the submucosal component and 
surface component. The five other cases showed a less severe 
grade of dysplasia in the submucosa compared with that in the 
mucosa. No case showed high-grade dysplasia in the submucosa 
with low-grade dysplasia in the mucosa (Table 2, Fig. 1). Gen-
erally, invasive adenocarcinoma shows less differentiated tumor 
cells at the deepest part of invasion. However, adenoma with 
PEM shows a similar degree of differentiation between the sur-
face component and the submucosal component [37,38,43].

Our experience suggests that pathologists should be aware of 
the interpretation of GALT-associated submucosal extension of 
colorectal adenomatous neoplasms. This study is limited due to 
the small number of cases. Thus, further investigation with a 
larger number of cases and validation of the classification crite-
ria of GALT-associated colorectal neoplasm is recommended.
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Primary urothelial carcinoma (UC) of the prostate is rare, rep-
resenting only about 1% to 4% of all prostate malignancies [1-3]. 
In contrast, secondary involvement of primary bladder UC is 
relatively common with an incidence of 12% in an early report 
[4]. However, the true incidence of prostatic involvement is more 
common. In several studies using whole-mount prostate sec-
tioning technique, the incidence of prostatic involvement has 
been reported up to 48% (average, 35.5%) [5-9]. The incidence 
of prostatic stromal invasion (PSI) ranges from 7.6% to 16.6% 
[4,6,9-13]. In 7th American Joint Committee on Cancer (AJCC) 
staging system, primary bladder UCs with PSI are classified as 
pT4a and correlated with worse prognosis [14]. However, the 

staging of continuous subepithelial PSI from in situ carcinoma 
was not designated properly. The 8th AJCC staging system 
clarified the staging of PSI according to the mode of invasion: 
primary bladder UCs with direct PSI via transmural route is 
designated as T4a while continuous subepithelial PSI from in 
situ carcinoma is now classified as T2 [15]. Although the presence 
of PSI does not affect the current 8th AJCC staging of muscle-
invasive primary bladder UCs (≥T2), it is still important to dis-
tinguish PSI from in situ UC because PSI is associated with 
poor prognosis [16]. Therefore, the correct identification of PSI 
with primary bladder UC is of paramount importance for accu-
rate staging and predicting patients’ prognoses. However, the 
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Background: Distinguishing prostatic stromal invasion (PSI) by urothelial carcinoma (UC) from in situ UC involving prostatic ducts or acini 
with no stromal invasion (in situ involvement) may be challenging on hematoxylin and eosin stained sections. However, the distinction 
between them is important because cases with PSI show worse prognosis. This study was performed to assess the utility of double 
cocktail immunostains with high molecular weight cytokeratin (HMWCK) and GATA-3 to discriminate PSI by UC from in situ UC involve-
ment of prostatic ducts or acini in the prostate. Methods: Among 117 radical cystoprostatectomy specimens for bladder UCs, 25 cas-
es showed secondary involvement of bladder UC in prostatic ducts/acini only or associated stromal invasion and of these 25 cases, 
seven cases revealed equivocal PSI. In these seven cases with equivocal PSI, HMWCK, and GATA-3 double immunohistochemical 
stains were performed to identify whether this cocktail stain is useful to identify the stromal invasion. Results: In all cases, basal cells of 
prostate glands showed strong cytoplasmic staining for HMWCK and UC cells showed strong nuclear staining for GATA-3. In cases 
with stromal invasion of UC, GATA-3-positive tumor cells in the prostatic stroma without surrounding HMWCK-positive basal cells were 
highlighted and easily recognized. Among seven equivocal cases, two cases showed PSI and five in situ UC in the prostate. In two 
cases, the original diagnoses were revised. Conclusions: Our study suggested that HMWCK and GATA-3 double stains could be utilized 
as an adjunct method in the distinction between PSI by UC from in situ UC involving prostatic ducts or acini.
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distinction between PSI by UCs from only in situ UC involve-
ment of prostatic ducts or acini in the prostate can be challenging 
on hematoxylin and eosin (H&E) stained slides examination 
alone in some cases. 

In this study, double cocktail immunostains with high molec-
ular weight cytokeratin (HMWCK) and GATA-3 were performed 
to determine its usefulness for detecting PSI. 

MATERIALS AND METHODS

Cases selection

Surgical pathology files of our institute from 2000 to 2012 
were searched for radical cystectomy cases of prostatic involve-
ment by primary bladder UCs with available tissue blocks. 
Among 164 radical cystectomy cases for primary bladder UCs, 
140 were males and concomitant prostatectomy was performed 
in 117 cases (117/140, 83.6%). Among 117 radical cystoprosta-

tectomy specimens for bladder UCs, 25 cases (21.4%) showed 
secondary involvement of bladder UC in prostatic ducts/acini only 
or associated stromal invasion, and of these 25 cases, seven cases 
revealed equivocal PSI. The remaining 18 cases revealed unequiv-
ocal prostatic involvement with either in situ only or PSI. PSI was 
considered equivocal at H&E level when one of the following 
features was present: (1) in situ UC in prostatic ducts with irreg-
ular and blurred outlines and a basal layer that was not well de-
fined (pattern 1) and (2) in situ UC in prostatic ducts surrounded 
by desmoplastic stroma with or without inflammatory infiltrate 
(pattern 2). Slides were re-reviewed independently by two expe-
rienced pathologists (S.P. and M.S.C.). They had concordant in-
terpretation in 18 cases and had discordant interpretation in seven 
cases due to equivocal stromal invasion. 

Double immunohistochemistry

Double immunohistochemical stains were performed with 
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Fig. 1. (A) Urothelial carcinoma in situ involving prostatic ducts. (B) Urothelial carcinoma with prostatic stromal invasion. (C) Urothelial carci-
noma in situ involving prostatic ducts surrounded by basal cells (double immunohistochemical stain). (D) Urothelial carcinoma with prostatic 
stromal invasion without surrounding basal cells (double immunohistochemical stain). 
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mouse monoclonal antibodies against human HMWCK (1:200 
dilution, 34βE12 clone, Novocastra, Newcastle upon Tyne, UK) 
and GATA-3 (1:100 dilution, L50-823 clone, Cell Marque, 
Rocklin, CA, USA) using formalin-fixed paraffin-embedded 
tissue blocks of tumors with adjacent benign prostatic tissue. 
Four-µm sections were dried at 55°C for 3 hours, then subjected 
to heat-induced epitope retrieval, 30 minutes for HMWCK and 
20 minutes for GATA-3, at pH 9.0 on a Leica-Bond Autostainer 
(Leica Biosystems, Newcastle upon Tyne, UK). Bond Polymer 
Refine Detection Kit was used and the sections were counter-
stained with hematoxylin. Subsequently, double-stain combina-
tions using HMWCK and GATA-3 were tested in some cases 
using different combinations of brown and red chromogens. 
Bond Polymer Refine Brown Detection Kit (Leica Biosystems) 
was used for detection of GATA-3 and Bond Polymer Refine 
Red Detection Kit for detection of HMWCK. All cases con-
tained foci of UC with colonization of prostatic ducts and acini 
that were used as GATA-3 positive control. Adjacent benign 
prostatic glands were used as an internal control for HMWCK 
stain (Fig. 1). Pancytokeratin stain (1:200 dilution, AE1/AE3, 
Novocastra) was performed for case 6. 

Ethics statement

All procedures performed in the current study were approved 
by the international review board at Ewha Womans University 
Hospital (2016-09-020) in accordance with the 1964 Helsinki 
declaration and its later amendments. Formal written informed 
consent was not required with a waiver by the IRB.

RESULTS

Clinicopathological data on these seven patients with equivo-
cal PSI are summarized in Table 1. The patients’ mean age was 
of 73.3 years at diagnosis (range, 60 to 93 years). Among seven 
cases, six showed conventional muscle invasive high-grade UC 
and one showed diffuse and multifocal UC in situ throughout the 
bladder (case 1). Six showed conventional high-grade UC mor-
phology, but one case (case 4) showed several different histologic 
features (squamous, glandular and neuroendocrine differentia-
tions). Lymphovascular invasion was identified in three cases. Five 
cases were free of tumor at margins and two showed positive 
margins, one in left ureter and the other in the urethra. 

In these seven cases, UC involvement was seen in prostatic ducts 
and acini with equivocal PSI. Four cases revealed pattern 1 
equivocal invasion (Fig. 2A) and three cases pattern 2 equivocal 
invasion (Figs. 2B, 3A, B). Originally, two cases, both with pat-
tern 2 equivocal invasion, were diagnosed as having PSI and the 
remaining five cases, four pattern 1 and one pattern 2 cases, with 
equivocal invasion were diagnosed as no PSI. 

In these seven cases, double cocktail immunostains were per-
formed. Prostatic basal cells surrounding in situ UC stained pos-
itively for HMWCK and UC cells stained for GATA-3 (Fig. 1A, 
C). In all cases, UC cells stained positively for GATA-3 (7/7, 
100%). The combination of HMWCK (red)/GATA-3 (brown) 
easily distinguish in situ from invasive tumor (Fig. 1B, D). Among 
seven equivocal cases, two cases showed PSI and five cases in 
situ UC in the prostate. Based on these stain results, cases 5 and 
6 were revised according to the 7th AJCC staging system and 

Table 1. Clinicopathologic features in patients with equivocal prostatic stromal invasion

Case 
No.

Age/Sex
Histology 
(variant)

LVI
Margin 
status

Equivocal 
pattern

PSI, 
original 
(H&E)

PSI, 
revised 
(IHC)

AJCC 7th 
T (original)

AJCC 7th 
T (revised)

AJCC 8th
T

Treatment F/U (mo)

1 M/71 UC in situ (C) Absent Negative 1 No No Tis Tis Tis TURBT, RCP LTF
2 M/61 UC, HG (C) Absent Negative 1 No No T1 T1 T1 TURBT, BCG, 

neoadjuvant CTx, RCP
AWD (56)

3 M/93 UC, HG (C) Absent Negative 1 No No T3 T3 T3 TURBT, RCP DOD (10)

4 M/79 UC, HG, 
(S, G, N)

Present Negative 1 No No T3 T3 T3 TURBT, neoadjuvant CTx, 
RCP, adjuvant CTx

DOD (2)

5 M/60 UC, HG (C) Absent Positive,  
left ureter

2 Yes No T4a T1 T1 TURBT, BCG, RCP AWD (54)

6 M/85 UC, HG (C) Present Negative 2 No Yes T3 T4a T3 TURBT, RCP, 
adjuvant CTx

DOD (16)

7 M/64 UC, HG (C) Present Positive,  
urethra

2 Yes Yes T4a T4a T2 TURBT, BCG, neoadjuvant 
CTx, RCP, adjuvant CTx

AWD (58)

LVI, lymphovascular invasion; PSI, prostatic stromal invasion; H&E, hematoxylin and eosin; IHC, immunohistochemistry; AJCC, American Joint Committee on 
Cancer; F/U, follow-up; M, male; UC, urothelial carcinoma; C, conventional; TURBT, transurethral resection of bladder tumor; RCP, radical cystoprostatecto-
my; LTF, loss to follow up; HG, high grade; BCG, bacillus Calmette-Guerin; CTx, chemotherapy; AWD, alive with disease; DOD, died of disease; S, squamous 
differentiation; G, glandular differentiation; N, neuroendocrine differentiation.  
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cases 5 and 7 were revised according to the 8th AJCC system. 
In one case, the original T4a classification was revised as T1 and 
in the other case, the original T3 classification was revised to T4a 
according to the 7th AJCC staging system. According to the 8th 
AJCC staging system, one case classified originally as T4a was 
revised as T1, and the other T4a case was revised as T2.

All patients received radical cystoprostatectomy after trans-
urethral resection of bladder tumor and additional treatments 
such as bacillus Calmette-Guerin (BCG) instillation, neoadju-
vant chemotherapy and adjuvant chemotherapy were given as 
needed. Three patients (cases 1, 7, and 5) are alive with disease at 
21, 26, and 54 months, respectively. Other three patients (cases 
4, 3, and 6) died of disease at 2-, 10-, and 16-month follow-up, 
respectively, and the remaining one patient (case 2) was lost to 
follow up. 

In equivocal cases with pattern 1, GATA-3–positive tumor 
cells in prostatic ducts/acini were surrounded by HMWCK-
positive basal cells (Fig. 2C). In three equivocal cases with pat-

Fig. 2. (A) Urothelial carcinoma in situ with equivocal stromal invasion (equivocal pattern 1). (B) Urothelial carcinoma in situ with equivocal 
stromal invasion (equivocal pattern 2). (C) Urothelial carcinoma in situ with intact surrounding basal cells (double immunohistochemical stain). 
(D) Urothelial carcinoma in situ with disrupted but sustained basal cells (double immunohistochemical stain).

tern 2, two cases were revised after performing double immu-
nohistochemistry (IHC). In one case, double IHC revealed the 
presence of preserved basal cells with continuous, linear and fo-
cally weak staining pattern of HMWCK at the periphery of the 
involved prostatic ducts/acini (case 5) (Fig. 2D). This case, origi-
nally signed out as PSI, was revised as in situ UC involving pros-
tatic ducts/acini without PSI. In the other case (case 6), intense 
aggregates of inflammatory cells were identified adjacent to 
prostatic ducts (Fig. 3A, B). GATA-3–positive and HMWCK-
negative singly scattered invasive tumor cells were present within 
the periductal inflammatory area (Fig. 3C). Singly scattered tumor 
cells were also highlighted by pancytokeratin stain, supporting 
invasive UC cells (Fig. 3D). This case, originally signed out as in 
situ UC involving prostatic ducts, was revised as having PSI. 

DISCUSSION

It is well-known that UCs with extensive PSI has a poor prog-
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Fig. 3. (A) Periductal inflammatory infiltrates within prostatic stroma. (B) Inflammatory infiltrates with no discernible tumor cells. (C) GATA-3–
positive, high molecular weight cytokeratin–negative scattered tumor cells in inflammatory infiltrates (double immunohistochemical stain). (D) 
Scattered tumor cells are also positive for pancytokeratin stain.  

nosis, but even a few cases with focal PSI may have similarly poor 
prognosis [16,17]. Therefore, it is essential to find even focal areas 
of PSI for proper classification. In 7th AJCC staging system, pri-
mary bladder UCs invading prostatic stroma through spreading 
to the prostatic urethra are classified as T4a. However, in the new 
8th AJCC staging system [15], only those cases with primary 
bladder UCs directly invading prostatic stroma through the 
bladder wall are classified as T4a. Continuous subepithelial PSI 
from in situ UC is now categorized as T2 and does not affect 
the staging of primary bladder muscle-invasive UC (> T2). Yet 
distinguishing continuous subepithelial PSI of in situ UC (T2) 
from involvement of in situ UC (Tis) in non-muscle invasive pri-
mary bladder UCs (Tis or T1) are still important for patients who 
underwent early radical cystoprostatectomy because overall tu-
mor stage can be upstaged because of the presence of PSI. Also, 
even though the impact of a concurrent continuous subepithelial 
PSI on the prognosis of muscle-invasive primary bladder UCs 
(> T2) is still unclear, the presence of PSI itself is reported to be 

associated with poor prognosis regardless of the mode of inva-
sion [16].

Therefore, the significance of PSI needs to be re-evaluated. In 
most cases with PSI, stromal invasion can be easily detected on 
H&E slides because PSI is usually associated with single isolate 
cell invasion, desmoplastic stromal reaction, acute and/or chronic 
inflammatory response, and retraction artifact around tumor 
cells [18]. However, the determination of PSI is somewhat sub-
jective and may be impossible in some cases because they lack 
these characteristic histologic features on H&E slides. Perrino 
et al. [19] showed 11.1% (4/36) discordant interpretations of 
PSI between original report and review using double immunos-
tains with cytokeratin (CK) 7/CK5 and p53/CK5 [20]. The main 
distinction between in situ UC from PSI is to identify tumor cells 
in the prostatic stroma without surrounding prostatic basal cells. 

In this study, we evaluated the utility of HMWCK and GATA-
3 double IHC in determining stromal invasion of primary blad-
der UC in the prostate. We classified equivocal PSI cases into two 
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patterns on H&E. In all cases with pattern 1 invasion, the diag-
noses based on H&E and on IHC were concordant. However, in 
cases showing pattern 2, the concordance rate was low with two of 
three cases being misdiagnosed on H&E. Singly scattered tumor 
cells were present in inflammatory stroma in those two cases. The 
singly scattered tumor cells were positive for pancytokeratin as 
well as GATA-3 but negative for HMWCK. Based on these 
findings, we recommend pancytokeratin and GATA-3 IHC stains 
in the prostate with pattern 2 equivocal PSI.

In previous two studies, various combinations of double stains 
were used to differentiate in situ UC from PSI in the prostate 
[18,20]. Chastain et al. [18] demonstrated that p63 and HM-
WCK double stains are useful in differentiating PSI. Even though 
this combination of double IHC is useful when p63-positive 
tumor cells are present in the prostatic stroma without surround-
ing HMWCK-positive basal cells, it has a limitation because 
not all tumor cells are positive for p63. In all cases, basal cells 
showed strong staining for both p63 and HMWCK, but only 
50% and 41% of cases showed no or weak expression in tumor 
cells, respectively [18]. In the other study, Fichtenbaum et al. 
[20] reported that double stains with CK7/CK5 and p53/CK5 
discriminated in situ vs. invasive urothelial cancer in the prostate. 
These combinations of double stains are also a good method to 
discriminate in situ vs. PSI and can be utilized in a routine prac-
tice because CK5 is a very sensitive and specific marker for basal 
cells (100%) and CK7 and p53 are very sensitive markers for 
tumor cells with 100% and 83% positivity, respectively [20]. 
CK7 is very specific for UCs in differentiating commonly en-
countered adenocarcinomas such as prostatic adenocarcinoma and 
metastatic colonic adenocarcinoma because the expression of 
CK7 is not usually seen in these adenocarcinomas [21,22]. 
However, even though rare, other metastatic adenocarcinomas 
including pulmonary adenocarcinoma, ovarian serous adenocar-
cinoma, endometrial adenocarcinoma, gastric adenocarcinoma, 
cholangiocarcinoma, invasive ductal carcinoma, that can be found 
in the prostate also may express CK7 [21,22]. Moreover, high 
grade UC may be negative for CK7 occasionally [23]. In our 
study, we used GATA-3 stain for UCs and HMWCK for pros-
tatic basal cells. GATA-3 is a recently described immunohisto-
chemical marker that is specific and sensitive for UCs and breast 
cancers [24,25]. When GATA-3–positive tumor cells are present 
in the prostatic stroma, PSI by UCs is highly suggested in the 
proper clinical context. 

There are several limitations in this study. First, selective 
limited prostate sectioning technique was applied to this study. 
If whole-mount step sections of the prostate were selected, more 

cases with prostatic involvement might have been detected. 
Second, the number of subjects, especially the number of cases 
with equivocal PSI, was rather small. Third, GATA-3 also stains 
lymphocytes. GATA-3-positive atypical cells were present in 
the inflammatory stroma (case 6). Even though GATA-3–posi-
tive atypical cells in the inflammatory stroma were confirmed as 
epithelial cells by pancytokeratin staining, they might be kera-
tin-positive debris such as disrupted normal epithelium or dis-
rupted prostatic ducts or glands, especially in post-BCG status. 
However, BCG instillation was not performed in this case. 
Fourth, GATA-3 is recently reported to show aberrant diffuse 
nuclear staining in both luminal and basal cells of benign pros-
tate glands with radiation atypia as well as in the basal cells of 
non-irradiated benign prostate glands [26]. UC and benign 
prostate glands can be distinguished based on their morphology, 
but certain variants of UCs, especially UC with glandular dif-
ferentiation can cause a diagnostic problem. Fifth, even though 
GATA-3 is a novel immunohistochemical marker for UC, 
GATA-3 expression differed among UC variants [27]. Especially, 
GATA-3 is reported to be weakly or rarely expressed in sarco-
matoid and small cell carcinoma variants of UC and squamous 
cell carcinomas [27]. Thus, GATA-3 immunostain may have 
only limited diagnostic value in such cases. Lastly, strong HM-
WCK positivity is reported in 50% to 91.7% of UCs [18,28]. 

In the current study, weak GATA3 positivity in basal cells of 
benign prostatic glands was observed in two out of seven cases 
(28.6%) while HMWCK positivity in UCs was found in five 
out of seven (71.4%). Such expression pattern could cause diag-
nostic confusion for pathologists in irradiated specimens which 
often accompany radiation atypia in benign prostatic glands. 
However, none of the patients in the current study had received 
previous irradiation therapy. Also, even though some benign 
prostatic glands expressed GATA3 positivity, the staining inten-
sity was much weaker than that observed in UCs. Furthermore, 
none of GATA3 positive benign prostatic cells in the current study 
showed cytologic atypia. 

The double staining for GATA-3 and HMWCK may enable 
us to distinguish PSI from equivocal in situ lesions. In rare cases 
in which GATA-3 is aberrantly expressed in prostatic glands, the 
presence of HMWCK staining and the architectural and cyto-
logical findings on H&E can aid in the correct interpretation. 
Another advantage of the double staining method is convenience. 
Compared to switching between GATA-3 and HMWCK stains 
individually to spot the equivocal lesion under microscopic ex-
amination, assessing a single slide is more convenient. Lastly, 
the equivocal PSI lesions tend to be subtle and minute in size. 
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Double immunostain method reduces the possible loss of the 
lesion during multiple sections for different markers. 

Differentiating cases of UC with PSI from in situ UC involving 
prostatic ducts or acini is critical for subsequent patients’ prog-
nosis even though the significance of focal PSI is still controver-
sial and PSI itself is not considered as pT4a any longer in 8th 
AJCC staging system. However, one patient with PSI (case 6, 
original T3 [7th]→revised to T4a [7th], T3 [8th]) died with 
only 16 months follow-up after cystoprostatectomy. On the 
contrary, the other patient without PSI (case 5, original T4a 
[7th]→revised to T1 [7th], T1 [8th]) is still alive for 54 months. 
In these equivocal cases, one case (case 5) was misdiagnosed as 
PSI and subsequently T4a (7th AJCC) was assigned in the orig-
inal diagnosis. The presence of basal cells around tumor nests, 
as demonstrated by double IHC, led to the final diagnosis of in 
situ UC involving prostatic ducts in this case. The other case 
(case 6) was diagnosed as in situ involving only prostatic ducts 
without PSI in the original diagnosis; therefore, pT3 was based 
on the perivesical fat invasion of the primary bladder UC. How-
ever, PSI besides in situ prostatic duct involvement was diag-
nosed because scattered infiltrating tumor cells with positive 
GATA3 and pancytokeratin positivity with lack of HMWCK 
stain within the inflammatory infiltrates and subsequently pT4a 
was re-assigned in this case. Another patient with PSI (case 7, 
original T4a [7th]→revised to T4a [7th], T2 [8th]) is also alive 
for 58 months. In this case, the primary bladder UC was non-
muscle invasive and the concurrent urethral PSI determined the 
staging.

In conclusion, we demonstrated that GATA-3 and HMWCK 
double IHC is useful in discriminating PSI by UC from in situ 
UC involving prostatic ducts or acini especially in cases with 
pattern 2 equivocal PSI. 
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Gallbladder cancer (GBC) is a rare biliary tract malignancy 
seen in most developed countries, widespread with extensive 
geographic and ethnic variance [1]. Annually, GBC affects less 
than two out of 100,000 individuals but is more commonly 
observed in India, Chile, Japan, and Korea than in Western 
countries [2,3]. Most patients present with an advanced stage at 
diagnosis and the 5-year survival rate is < 10% [4]. In Korea, 
the overall incidence of GBC from 2009 to 2013 was 2.96 of 
100,000 people among males and 2.79 of 100,000 people 
among females [5]. The 5-year survival rate is 30% and the me-
dian survival is 10.7 months [6]. Ulsan, where the hospital in this 
study is located, showed the highest incidence during 2009 to 
2013 (4.31/100,000 in men and 4.09/100,000 in women) as 
compared with the national incidence [5,6].

In recent years, research on various tumor entities has increas-
ingly focused on immunomodulatory drugs than directly cyto-
toxic cancer therapies. Genomic sequencing studies have identi-
fied a host of genetic aberrations that are potentially targetable 
in GBC [7,8]. In particular, the immunomodulatory therapy 
approach targeting the interaction between programmed cell 
death protein 1 (PD-1) and programmed death-ligand 1 (PD-L1) 
has become increasingly significant. The aberrant expression of 
PD-L1 allows for tumor cells to escape the host immune system 
and continue to proliferate. Previous research has demonstrated 
the association of PD-L1 with tumor aggressiveness and poor 
prognosis in gastric, esophageal, and hepatocellular carcinoma as 
well as colonic and lung cancers [9,10]. It is expected that the 
therapeutic agents known as immune checkpoint inhibitors will 
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be a key emerging strategy in treating the subgroup of ad-
vanced GBC.

Throughout the published literature, scant information is avail-
able on the use of PD-L1 as a prognostic marker in GBC. Existing 
research by Neyaz et al. [11] and Lin et al. [12] has reported in-
consistent and contradictory results. Furthermore, although the 
possibility of immunotherapy has been studied, relevant infor-
mation in this area is also very limited so far [13,14]. This study 
aimed to investigate the expression of PD-L1 and determine the 
potential association with prognostic impact in GBC. We also 
reviewed associations with clinicopathological parameters and 
survival.

MATERIALS AND METHODS

Specimens and patient selection

Formalin-fixed, paraffin-embedded (FFPE) primary GBC tis-
sues were derived from 101 patients at Ulsan University Hospi-
tal (UUH) between January 2013 and December 2018. Clinical 
data were recorded from the UUH electronic medical records, 
including age, sex, size, location, risk factors (e.g., gallstone, 
cholecystitis, diabetes mellitus, hypertension), margin of tumor 
resection, histologic grade, TNM stage, lymph node involve-
ment, lymphovascular invasion or perineural invasion by tumor, 
adjuvant chemotherapy, and follow-up time in months. Follow-
up was completed on April 8, 2019. Overall survival (OS) was the 
interval either between the initial diagnosis and death or between 
the initial diagnosis and the last observation among surviving pa-
tients, respectively. Progression-free survival (PFS) was the inter-
val between the initial diagnosis and progressive changes in the 
typical imaging appearance on computed tomography and/or 
magnetic resonance imaging. No patient underwent chemo-
therapy before surgery. The pathologic diagnosis was confirmed 
according to the eighth edition of the American Joint Commit-
tee on Cancer staging system [15] and the World Health Orga-
nization classification systems.

Automated immunohistochemistry

A representative paraffin block from each specimen was chosen 
for immunohistochemical analysis. We immunohistochemically 
analyzed PD-L1 expression on 3- to 5-μm tissue sections of FFPE 
specimens. The primary PD-L1 antibody (rabbit monoclonal 
antibody clone SP263; Roche Holding AG, Basel, Switzerland) 
was used in all cases in a concentration of approximately 1.61 μg/
mL. A negative control for all cases was also developed using the 
same antibody to control for potential false-positive staining. 

Placental tissues served as positive controls. Immunohistochem-
istry assays were performed on a VENTANA BenchMark UL-
TRA instrument (Roche Holding AG) according to the manu-
facturer’s instructions.

Evaluation of immunohistochemistry

The PD-L1 expression proportion score was assessed as the 
percentage of positive membranous expression on tumor cells, 
whereas cytoplasmic expression was regarded as negative. Tumor 
cells with any membranous staining intensity were judged to be 
positive. Various PD-L1 antibodies and cutoff levels were used in 
different studies. We assessed PD-L1 expression using the cutoff 
levels of 1%, 10%, and 50% (Fig. 1). 

Statistical analysis

SPSS ver. 24.0 (IBM Corp., Armonk, NY, USA) was used to 
conduct statistical analyses. To determine the association be-
tween two or more variables and PD-L1 expression, Pearson’s 
chi-square test or Fisher exact test where appropriate were ap-
plied, with statistical significance at p < .05. The univariable 
analysis of OS and PFS was completed using the Kaplan-Meier 
method and log-rank test.

Ethics statement

This study was approved by the institutional review board 
(IRB) of UUH, who granted a waiver of the need for informed 
consent (IRB No. 2019-08-017). This study was performed in 
accordance with the principles of the Declaration of Helsinki.

RESULTS

Clinicopathological characteristics

The study group included 101 primary GBC cases, with a fe-
male predominance (56.4%). The mean age of the included pa-
tients was 68.0 years (range, 40 to 90 years) and 97 patients 
(96.0%) were aged older than 45 years. Fifty-two patients 
(51.5%) were diagnosed via simple cholecystectomy specimens 
and 10 of these underwent further surgery after diagnosis. Risk 
factors included gallstone (28.7%), cholecystitis (91.0%), hy-
pertension (28.7%), and diabetes (32.7%). The majority of cases 
showed adenocarcinoma not otherwise specified (n = 82, 81.2%), 
and the most common type was well-differentiated (n = 45, 
44.6%). Although subtype-specific components accompanying 
adenocarcinoma were present, no cases were diagnosed as either 
undifferentiated carcinoma, squamous cell carcinoma, adeno-
squamous cell carcinoma, or neuroendocrine carcinoma. This 
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Fig. 1. Programmed death-ligand 1 (PD-L1) expression in the tumor 
cells of gallbladder cancer (GBC). (A) ≥ 50% positive staining of PD-
L1 in tumor cells. (B) 10% to 49% positive staining of PD-L1 in tumor 
cells. (C) 1% to 9% staining of PD-L1 in tumor cells. (D) Positive stain-
ing of PD-L1 in tumor cells of lymphovascular invasion. (E) Positive 
staining of PD-L1 in tumor cells of perineural invasion.

cohort included mostly patients with early stages of disease; 84 
patients (83.2%) presented with pT1 or pT2 category. Among 
72 patients eligible for the evaluation of pathologic stage status, 
37 (51.4%) presented with stage I or stage II disease. The clini-
copathological characteristics of our GBC patients are shown in 
Table 1.

Correlation of clinicopathological parameters with PD-L1 
expression

PD-L1 expression in tumor cells was observed in 19 patients 
(18.8%) with a cutoff level of 1%, 14 patients (13.8%) with a 
cutoff level of 10%, and eight patients (7.9%) with a cutoff level 
of 50%. The finding of any positive PD-L1 expression was sig-
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nificantly correlated with poorer and other differentiation (1% 
cutoff: p = .001; 10% cutoff: p < .001; 50% cutoff: p < .001) and 
the presence of lymphovascular invasion (1% cutoff, p = .015; 
10% cutoff, p = .001; 50% cutoff, p = .005). Positive PD-L1 ex-
pression with cutoff levels of 10% and 50% was associated with 
the presence of perineural invasion (10% cutoff, p = .032; 50% 
cutoff, p = .023), higher T category (10% cutoff, p = .012; 50% 
cutoff, p = .026), and higher pathologic stage (10% cutoff, p = 

.045; 50% cutoff, p = .010). In addition, positive PD-L1 expres-
sion with 1% and 10% cutoff levels was correlated with larger 
tumor size (1% cutoff, p = .040; 10% cutoff, p = .007). No sig-
nificant differences were observed with regard to sex; age; tumor 

Table 1. Clinicopathological characteristics in gallbladder cancer 
patients

Clinicopathological variable No. (%)

Age, mean (range, yr) 68.0 (40–90)
Sex

Male 44 (43.6)
Female 57 (56.4)

Histological type
Adenocarcinoma NOS 82 (81.2)
MANEC 3 (3.0)
ICPN with associated invasive carcinoma 5 (5.0)
Adenocarcinoma with undifferentiated carcinoma 3 (3.0)
Adenocarcinoma with squamous differentiation 3 (3.0)
Adenocarcinoma with sarcomatoid differentiation and 
  sarcomatoid carcinoma

2 (2.0)

Adenocarcinoma with signet cell component and 
  signet ring cell carcinoma

2 (2.0)

Mucinous carcinoma 1 (1.0)
Histologic grade

Well differentiated 45 (44.6)
Moderately differentiated 34 (33.7)
Poorly differentiated 18 (17.8)
Undifferentiated 1 (1.0)
Others (SRC, MUC, SARC) 3 (3.0)

T category
pT1a 15 (14.9)
PT1b 14 (13.9)
pT2a 47 (46.5)
pT2b 8 (7.9)
pT3 15 (14.9)
pT4 2 (2.0)

N category
Nx 31 (30.7)
N0 37 (36.6)
N1 28 (27.7)
N2 5 (5.0)

M category
M0 98 (97.0)
M1 3 (3.0)

Pathologic stage (total=72)
I 18 (25.0)
IIA 16 (22.2)
IIB 3 (4.2)
IIIA 2 (2.8)
IIIB 26 (36.1)
IVA 1 (1.4)
IVB 6 (8.3)

Operation
Simple cholecystectomy 43 (42.6)
Radical cholecystectomy 55 (54.4)
Pylorus resecting pancreatoduodenectomy 
  with hepatectomy

2 (2.0)

Pylorus preserving pancreatoduodenectomy 
  with hepatectomy

1 (1.0)

Complete resection
Yes 92 (91.1)
No 19 (9.9)

(Continued)

Clinicopathological variable No. (%)

Adjuvant chemotherapy
Not received 71 (70.3)
Received 30 (29.7)

Gallstone
No 72 (71.3)
Yes 29 (28.7)

Cholecystitis
No 9 (9.0)
Yes 92 (91.0)

Hypertension
No 72 (71.3)
Yes 29 (28.7)

Diabetes
No 68 (67.3)
Yes 33 (32.7)

Tumor location
Fundus 36 (35.6)
Body 40 (39.6)
Neck, cystic duct 14 (13.9)
More than 2 portions 11 (10.9)

Size, median (range, cm) 2.7 (0.1–6.9)
Growth pattern

Polypoid 53 (52.5)
Nonpolypoid, ulcerative 48 (47.5)

Lymphovascular invasion
Absent 62 (61.4)
Present 39 (38.6)

Perineural invasion
Absent 65 (64.4)
Present 36 (35.6)

PD-L1 expression (%)
< 1 82 (81.2)
1–9 5 (5.0)
10–49 6 (5.9)
≥ 50 8 (7.9)

Values are presented as number (%).
NOS, not otherwise specified; MANEC, mixed adenoneuroendocrine carci-
noma; ICPN, intracholecystic papillary neoplasm; SRC, signet ring cell car-
cinoma; MUC, mucinous carcinoma; SARC, sarcomatoid carcinoma; PD-
L1, programmed death-ligand 1.
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Table 2. Correlation of clinicopathological parameters with PD-L1 expression in GBC

Clinicopathological parameter
PD-L1

p-value
PD-L1

p-value
PD-L1

p-value
< 1% ≥ 1% < 10% ≥ 10% < 50% ≥ 50%

Sex .887 .270 > .99a

Male 36 (43.9) 8 (42.1) 36 (41.4) 8 (57.1) 41 (44.1) 3 (37.5)
Female 46 (56.1) 11 (57.9) 51 (58.6) 6 (42.9) 52 (55.9) 5 (62.5)

Age (yr) .259 .302 .716a

< 68 42 (51.2) 7 (36.8) 44 (50.6) 5 (35.7) 46 (49.5) 3 (37.5)
≥ 68 40 (48.8) 12 (63.2) 43 (49.4) 9 (64.3) 47 (50.5) 5 (62.5)

Histologic type .132a .004a .306a

Adenocarcinoma NOS, ICPN with 
  associated invasive carcinoma 

73 (89.0) 14 (73.7) 79 (90.8) 8 (57.1) 81 (87.1) 6 (75.0)

Adenocarcinoma with other 
  component, others

9 (11.0) 5 (26.3) 8 (9.2) 6 (42.9) 12 (12.9) 2 (25.0)

Histologic grade .001 < .001a < .001a

Well differentiated 42 (51.2) 3 (15.8) 44 (50.6) 1 (7.1) 45 (48.4) 0 �
Moderately differentiated 28 (34.1) 6 (31.6) 31 (35.6) 3 (21.4) 33 (35.5) 1 (12.5)
Poorly differentiated, undifferentiated, 
  others

12 (14.6) 10 (52.6) 12 (13.8) 10 (71.4) 15 (16.1) 7 (87.5)

T category .304a .012a .026a

pT1 + pT2 70 (85.4) 14 (73.7) 76 (87.4) 8 (57.1) 80 (86.0) 4 (50.0)
pT3 + pT4 12 (14.6) 5 (26.3) 11 (12.6) 6 (42.9) 13 (14.0) 4 (50.0)

N category .260 .137 .093a

N0 31 (56.4) 6 (40.0) 33 (56.9) 4 (33.3) 36 (56.3) 1 (16.7)
N1 + N2 24 (43.6) 9 (60.0) 25 (43.1) 8 (66.7) 28 (43.8) 5 (83.3)

Pathologic stage .116 .045 .010a

I + II 32 (56.1) 5 (33.3) 34 (56.7) 3 (25.0) 37 (56.1) 0 �
III + IV 25 (43.9) 10 (66.7) 26 (43.3) 9 (75.0) 29 (43.9) 6 (100)

Growth pattern .315 .437 > .99a

Polypoid 45 (54.9) 8 (42.1) 47 (54.0) 6 (42.9) 49 (52.7) 4 (50.0)
Nonpolypoid (ulcerative) 37 (45.1) 11 (57.9) 40 (46.0) 8 (57.1) 44 (47.3) 4 (50.0)

Lymphovascular invasion .015 .001 .005a

No 55 (67.1) 7 (36.8) 59 (67.8) 3 (21.4) 61 (65.6) 1 (12.5)
Yes 27 (32.9) 12 (63.2) 28 (32.2) 11 (78.6) 32 (34.4) 7 (87.5)

Perineural invasion .086 .032a .023a

No 56 (68.3) 9 (47.4) 60 (69.0) 5 (35.7) 63 (67.7) 2 (25.0)
Yes 26 (31.7) 10 (52.6) 27 (31.0) 9 (64.3) 30 (32.3) 6 (75.0)

Tumor location .487a .079a .060a

Fundus 30 (36.6) 6 (31.6) 31 (35.6) 5 (35.7) 35 (37.6) 1 (12.5)
Body 33 (40.2) 7 (36.8) 35 (40.2) 5 (35.7) 36 (38.7) 4 (50.0)
Neck, cystic duct 12 (14.6) 2 (10.5) 14 (16.1) 0 � 14 (15.1) 0 �
More than 2 portions 7 (8.5) 4 (21.1) 7 (8.0) 4 (28.6) 8 (8.6) 3 (37.5)

Tumor size (cm) .040 .007 .062a

< 2.7 43 (52.4) 5 (26.3) 46 (52.9) 2 (14.3) 47 (50.5) 1 (12.5)
≥ 2.7 39 (47.6) 14 (73.7) 41 (47.1) 12 (85.7) 46 (49.5) 7 (87.5)

Complete resection .676a > .99a .539a

Yes 75 (91.5) 17 (89.5) 79 (90.8) 13 (92.9) 85 (91.4) 7 (87.5)
No 7 (8.5) 2 (10.5) 8 (9.2) 1 (7.1) 8 (8.6) 1 (12.5)

Adjuvant chemotherapy .720 .344a .233a

No or refuse 57 (69.5) 14 (73.7) 63 (72.4) 8 (57.1) 67 (72.0) 4 (50.0)
Yes 25 (30.5) 5 (26.3) 24 (27.6) 6 (42.9) 26 (28.6) 4 (50.0)

Gallstone .798 .339a .433a

No 58 (70.7) 14 (73.7) 60 (69.0) 12 (85.7) 65 (69.9) 7 (87.5)
Yes 24 (29.3) 5 (26.3) 27 (31.0) 2 (14.3) 28 (30.1) 1 (12.5)

Cholecystitis .228 .727 > .99
No 21 (91.3) 2 (8.7) 21 (91.3) 2 (8.7) 21 (91.3) 2 (8.7)
Yes 61 (78.2) 17 (21.8) 67 (85.9) 11 (14.1) 72 (92.3) 6 (7.7)

Diabetes .512 .137a .268a

No 54 (65.9) 14 (73.7) 56 (64.4) 12 (85.7) 61 (65.6) 7 (87.5)
Yes 28 (34.1) 5 (26.3) 31 (35.6) 2 (14.3) 32 (34.4) 1 (12.5)

Hypertension .729 .346 .255a

No 51 (62.2) 11 (57.9) 55 (63.2) 7 (50.0) 59 (63.4) 3 (37.5)
Yes 31 (37.8) 8 (42.1) 32 (36.8) 7 (50.0) 34 (36.6) 5 (62.5)

Values are presented as number (%).
Statistical analysis method: Pearson chi-square test. 
PD-L1, programmed death-ligand 1; GBC, gallbladder cancer; NOS, not otherwise specified; ICPN, intracholecystic papillary neoplasm; Others, mixed ade-
noneuroendocrine carcinoma, signet ring cell carcinoma, mucinous carcinoma, sarcomatoid carcinoma.
aFisher exact test.
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location; margin of tumor resection; adjuvant chemotherapy; or 
primary risk factors for GBC such as gallstones, cholecystitis, 
diabetes, and hypertension. The associations between PD-L1 
expression in tumor cells and clinicopathological characteristics 
of GBC patients are shown in Table 2.

Survival analysis

At the time of analysis, the median OS was 14 months (range, 
0 to 71 months). Thirty-three patients (32.6%) died during the 
follow-up period. Meanwhile, a total of 24 patients showed dis-
ease progression, and 19 of these patients died. Survival analysis 
using Kaplan-Meier analysis was performed to evaluate the 
prognostic impact of PD-L1 expression and other parameters. 
OS was significantly associated with histologic grade (p = .003), 
T category (p < .001), N category (p < .001), pathologic stage (p < 

.001), lymphovascular invasion (p < .001), perineural invasion (p < 

.001), growth pattern (p = .019), and resection margin (p = .006). 
Worse mean survival was observed in histologic grade progressing 
from well-differentiated to poorly differentiated, undifferentiated, 
or other. The patients with higher T categories, nodal metasta-
sis, higher pathologic stages, presence of lymphovascular inva-
sion, and presence of perineural invasion showed poorer OS, 
whereas those with a polypoid growth pattern and complete re-
section showed better OS. These parameters were more signifi-

cantly associated with PFS. Significant differences in both OS 
and PFS according to PD-L1 expression were seen only at the 
50% cutoff statistically (1% cutoff: p = .14; 10% cutoff: p =. 

259; 50% cutoff: p = .049 for OS and 1% cutoff: p = .095; 10% 
cutoff: p = .178; 50% cutoff: p = .028 for PFS) (Fig. 2). We ob-
served a high expression of PD-L1 correlated with poor prog-
nostic significance of both survival types, especially PFS. Old 
age (≥ 68 years) was correlated with poor OS and larger tumor 
size (≥ 2.7 cm) was correlated with poor PFS, respectively. No 
significant associations with sex, histologic type, adjuvant che-
motherapy, gallstone status, cholecystitis, diabetes, or hyperten-
sion were evident. Correlations between OS or PFS and clinico-
pathological parameters are shown in Table 3.

DISCUSSION

Immune checkpoint inhibitors targeting the PD-1–PD-L1 
pathway have exhibited potent efficacy in some cancers such as 
triple-negative breast cancer, renal cell carcinoma, and non-small 
cell lung cancer [16-20]. Clinical benefits were strongly correlated 
with high PD-L1 expression and certain drugs have been ap-
proved for use in conjunction [20,21]. While PD-L1 expression 
significantly correlates with poor prognosis in gastric cancer, 
hepatocellular carcinoma, and esophageal cancer, both better 
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Fig. 2. Kaplan-Meier plots for overall survival or progression-free survival of gallbladder cancer according to programmed death-ligand 1 
(PD-L1) expression (A, 1% cutoff; B, 10% cutoff; C, 50% cutoff; D, 1% cutoff; E, 10% cutoff; F, 50% cutoff).
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Table 3. Correlation of clinicopathological parameters with OS or PFS in GBC

Clinicopathological parameter OS (mo) p-value PFS (mo) p-value

Sex .632 .694
Male 50.61 ± 4.57 49.90 ± 4.82
Female 45.90 ± 3.78 45.21 ± 3.97

Age (yr) .044 .070
<68 52.37 ± 3.65 51.07 ± 3.99
≥68 42.52 ± 4.61 41.30 ± 4.85

Histologic type .385 .349
Adenocarcinoma NOS, ICPN with associated invasive carcinoma 49.57 ± 3.27 49.04 ± 3.42
Adenocarcinoma with other component, others 38.81 ± 6.30 36.73 ± 6.74

Histologic grade .003 .002
Well differentiated 59.50 ± 3.62 59.02 ± 3.79
Moderately differentiated 40.43 ± 4.59 39.81 ± 4.87
Poorly differentiated, undifferentiated, others 33.07 ± 5.16 30.12 ± 5.63

T category < .001 < .001
pT1 + pT2 53.37 ± 3.17 52.98 ± 3.28
pT3 + pT4 25.05 ± 5.41 19.64 ± 6.02

N category < .001 < .001
N0 62.85 ± 3.28 62.31 ± 3.46
N1 + N2 34.51 ± 5.05 32.62 ± 5.75

Pathologic stage < .001 < .001
I + II 62.53 ± 3.25 62.43 ± 3.31
III + IV 34.86 ± 4.92 33.03 ± 5.54

Lymphovascular invasion < .001 < .001
No 58.03 ± 3.26 57.79 ± 3.33
Yes 31.38 ± 4.34 28.17 ± 4.89

Perineural invasion < .001 < .001
No 55.46 ± 3.00 55.17 ± 3.10
Yes 31.91 ± 5.06 29.65 ± 5.59

Tumor location .050 .094
Fundus 42.46 ± 4.07 42.17 ± 4.44
Body 48.36 ± 4.42 47.67 ± 4.61
Neck, cystic duct 57.13 ± 6.88 55.27 ± 7.91
More than 2 portions 24.73 ± 6.50 24.64 ± 6.82

Tumor size (cm) .058 .042
< 2.7 54.65 ± 4.14 54.16 ± 4.29
≥ 2.7 41.27 ± 3.85 39.84 ± 4.15

Growth pattern .019 .015
Polypoid 55.12 ± 3.77 54.68 ± 3.90
Nonpolypoid, ulcerative 37.52 ± 3.89 35.82 ± 4.35

Complete resection .006 .005
Yes 25.63 ± 8.72 22.98 ± 9.38
No 50.67 ± 3.12 49.98 ± 3.28

Adjuvant chemotherapy .488 .322
No 48.58 ± 3.43 48.08 ± 3.54
Yes 45.27 ± 5.46 43.02 ± 6.11

Gallstone .066 .095
No 50.26 ± 3.28 49.54 ± 3.47
Yes 38.78 ± 5.63 38.31 ± 5.87

Cholecystitis .668 .694
No 47.70 ± 4.54 47.02 ± 4.85
Yes 47.78 ± 3.64 47.45 ± 3.78

Diabetes .270 .222
No 50.89 ± 3.72 50.38 ± 3.90
Yes 42.10 ± 4.57 40.50 ± 4.86

(Continued to the next page)
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and worse results have been observed in lung cancer, colorectal 
cancer, and melanoma [22]. PD-L1 expression has been sug-
gested as an important prognostic factor, but few studies have 
evaluated the expression levels of PD-L1 in GBC patients and 
there are no consistent results regarding its value as a predictor. 

Various studies suggest that PD-L1 expression is associated 
with poor prognostic factors or survival in different tumor types. 
These studies observed that tumors with poor differentiation, 
vascular invasion, nodal metastasis, higher stage, adenocarcinoma 
histology, and lower survival rate were correlated with higher PD-
L1 expression. Table 4 summarizes recent studies covering the 
prognostic value of PD-L1 [11,12,23-32].

In patients with advanced cholangiocarcinoma or gallbladder 
adenocarcinoma, results from phase I KEYNOTE-028 and 
phase II KEYNOTE-158 research indicated that pembroli-
zumab, a humanized monoclonal antibody against PD-1, con-
stitutes a possible treatment option regardless of PD-L1 expres-
sion [14]. The PD-L1 antibody (22C3) and a 1% cutoff level 
were used in these trials. Elsewhere, Ha et al. [33] found a high 
level of soluble PD-L1 in the serum represents a negative prog-
nostic factor in advanced cholangiocarcinoma and GBC patients 
who received palliative chemotherapy. Recently, two other 
studies evaluated the predictive value of PD-L1 expression us-
ing immunohistochemistry in GBC tissues. Neyaz et al. [11] 
examined the relationship between PD-L1 expression in tumor 
cells and tumor-infiltrating lymphocytes (TILs) at cutoff levels of 
1%, 10%, and 50% and clinicopathological characteristics or OS. 
Their study ultimately showed significant correlations existed 
in terms of histologic type, histologic grade, TIL density, and stage 
of disease at all cutoff levels but did not find any significant cor-
relations in conjunction with OS. Lin et al. [12] evaluated the 
expression of PD-L1, PD-L2, and the density of CD8+ TIL in 

association with OS, PFS, and risk factors in gallbladder adeno-
carcinoma by analyzing PD-L1 expression at a 5% cutoff level 
and performing four subgroup analyses according to PD-L1 ex-
pression and CD8+ TILs. According to the results, there were no 
correlations observed with PD-L1 expression in tumor cells alone 
except for regarding CD8+ TIL density and worse OS. Instead, 
the study demonstrated the coevaluation of CD8 TIL and PD-
L1 had the significant prognostic value, and patients with high 
TILs and/or PD-L1 positivity had the worst PFS and OS.

Based on the above studies, PD-L1 expression in tumor cells 
as a predictive marker is controversial in GBC. In this study, we 
evaluated the expression of PD-L1 in 101 GBC cases and inves-
tigated the relationship between PD-L1 expression and various 
clinicopathological parameters or survival. A standard positive 
cutoff level or biomarker for PD-L1 has not been established 
[34-36]. Different antibodies (e.g., SP263, SP142, 22C3, 22-8, 
and E1L3N clones) and cutoff levels (e.g., 1%, 5%, 25%, and 
50%) are used in various studies; we used the monoclonal anti-
body SP263 and the 1%, 10%, and 50% cutoff levels in our 
investigation. Our study showed a strong positive correlation in 
poor histologic grade and lymphovascular invasion at any cutoff 
level of PD-L1 expression. Also, other unfavorable parameters 
such as perineural invasion, higher T category, and higher patho-
logic stage of disease showed a significant correlation with PD-
L1 expression at the 10% and 50% cutoff levels. Our final aim 
was to evaluate the prognostic impact of the clinicopathological 
parameters in survival. In this study, the association between 
PD-L1 expression at the 50% cutoff level and OS or PFS 
achieved statistical significance. Other parameters including the 
presence of lymphovascular invasion and perineural invasion; 
incomplete resection; higher histologic grade; higher T category, 
N category, and pathologic stage; and nonpolypoid growth pat-

Table 3. Continued

Clinicopathological parameter OS (mo) p-value PFS (mo) p-value

Hypertension .615 .619
No 45.93 ± 3.55 44.93 ± 3.78
Yes 51.21 ± 4.96 51.02 ± 5.07

PD-L1 expression
PD-L1 < 1% 50.53 ± 3.29 .144 49.95 ± 3.43 .095
PD-L1 ≥ 1% 31.35 ± 4.42 28.75 ± 5.17
PD-L1 < 10% 49.80 ± 3.24 .259 49.27 ± 3.38 .178
PD-L1 ≥ 10% 32.89 ± 5.03 30.31 ± 5.75
PD-L1 < 50% 50.13 ± 3.14 .049 49.48 ± 3.29 .028
PD-L1 ≥ 50% 27.88 ± 6.69 23.33 ±7.47

Values are presented as mean ± standard error. 
Statistical analysis method: survival analysis by Kaplan-Meier method and log-rank test.
OS, overall survival; PFS, progression-free survival; GBC, gallbladder cancer; NOS, not otherwise specified; ICPN, intracholecystic papillary neoplasm; others, 
mixed adenoneuroendocrine carcinoma, signet ring cell carcinoma, mucinous carcinoma,sarcomatoid carcinoma; PD-L1, programmed death-ligand 1.
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tern were also significantly associated with poor OS and PFS.
In summary, although opposite results have been reported re-

garding the use of PD-L1 expression as a predictive parameter 
in GBC, our results supported the negative clinical impact of PD-
L1 expression as described by Lin et al. [12]. We found that GBC 
cases with high PD-L1 expression were significantly associated 
with poor clinicopathological parameters and survival at the 50% 
cutoff level. Interestingly, although a significant association with 
PD-L1 expression was found in the two studies using E1L3N 
and SP263, SP263 did not display any such significance in the 
previous study by Neyaz et al. [11]. We have to consider the 
following reasons for discrepancies in PD-L1 expression: dis-
similar cutoff levels and anti-PD-L1 antibodies, heterogeneity 
of tumor, interobserver and intra-observer variability, and the 
influence of relationships with other indicators such as PD-L1 
expression in TILs. Future research with larger study popula-
tions focused on elucidating detailed evaluation criteria and iden-
tifying the benefit of PD-L1–inhibiting immunomodulating 
therapies should be conducted.
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The 4th revised World Health Organization (WHO) classifi-
cation of tumors of the central nervous system (CNS) highlights 
the importance of integrated diagnosis of CNS tumors [1]. In 
addition to histological features, molecular signatures are now 
mandatory for diagnosis, as well as patient management in neu-
ro-oncological aspects. Molecularly different tumors could have 
different biological behavior and treatment response to thera-
peutic agents. The 2016 update of WHO classification suggests 
well-established molecular parameters in diagnostic algorithms 
of diffuse gliomas. For appropriate integrated diagnosis of diffuse 
gliomas, one needs to examine the isocitrate dehydrogenase 
(IDH) mutation and 1p/19q status. In this study, we investigated 
current adjuvant examination being performed in Korea for diag-
nosis of brain tumors.

MATERIALS AND METHODS

The survey was distributed to the members of the Korean 
Society of Neuropathology (n = 12) from May to June 2017 (30 
days). We expected that most institutions would have prepared 
for the new diagnostic criteria proposed by the revised WHO 
classification. 

Survey questionnaires included the number of neuropatholog-
ical specimens per year, ancillary tests being performed for brain 
tumor diagnosis, and the type of methods for the ancillary tests. 
The results were analyzed after receiving answers to the survey. 

Ethics statement
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by the Institutional Review Board of Gachon University Gil Medi-
cal Center with a waiver of informed consent (GFIRB2018-266).

RESULTS

The survey questions were answered by 10 of the 12 neuro-
pathologists who received the survey questionnaires. All 10 re-
spondents were neuropathologists working in tertiary centers 
capable of neurosurgery and neuropathological diagnosis. The 
total number of neuropathological cases for a year, including tu-
mor, non-tumor, muscle, and peripheral nerve biopsy, was more 
than 300 cases in five centers (average, 906; range, 392 to 1,900), 
200–300 cases in one center, 100–200 cases in another, 50–100 
in two, and less than 50 cases in two others. All 10 centers make 
the diagnosis based on the 4th revised 2016 WHO classifica-
tion. 

Immunohistochemical stainings in gliomas 

For diagnosis of astrocytic and oligodendroglial tumors, immu-
nohistochemistry (IHC) for glial fibrillary acidic protein (GFAP), 
oligodendrocyte transcription factor 2 (OLIG2), α-thalassemia/
mental retardation syndrome X-linked (ATRX), IDH1, BRAF 
(VE1), Ki-67, p53, S-100, vimentin, epidermal growth factor re-
ceptor (EGFR), synaptophysin, H3.3K27M, and H3.3K27me3 
was used. Depending on the centers, three to 11 markers were 
used for diagnosis. The most commonly used IHC markers were 
IDH1, ATRX, p53, and Ki-67 (Fig. 1A).

In pilocytic astrocytomas and pleomorphic xanthoastocyto-

mas (PXAs), most IHC markers were overlapped with the items 
mentioned above (Supplementary Fig. S1).

For diagnosis of ependymomas, GFAP, epithelial membrane 

IDH1
ATRX

p53
Ki-67
GFAP

H3.3K27M
S-100

Vimentin
EGFR
OLIG2

BRAF VE1
H3.3K27me3

GFAP
EMA
Ki-67

p53
OLIG2

A       B       C       D      E       F       G       H       I        J

A       B       C       D      E       F       G       H       I        J

A

B

Pyrosequencing NGS

PNA clamping

FISH (n = 8)

2

1

3 3 NGS & FISH
(n = 2)

PCR LOH
(n = 1)A B

Fig. 2. Current methods for isocitrate dehydrogenase (IDH) mutation test (A) and 1p/19q status (B) among respondents. PNA, peptide nu-
cleic acid; NGS, next-generation sequencing; FISH, fluorescence in situ hybridization; PCR, polymerase chain reaction; LOH, loss of hetero-
zygosity.

Fig. 1. Immunohistochemistry markers used in glioma (A) and ep-
endymoma (B). Alphabet A–J represents respondents. IDH1, isoci-
trate dehydrogenase 1; ATRX, α-thalassemia/mental retardation 
syndrome X-linked; GFAP, glial fibrillary acidic protein; EGFR, epi-
dermal growth factor receptor; OLIG2, oligodendrocyte transcrip-
tion factor 2; EMA, epithelial membrane antigen.
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antigen, Ki-67, and p53 were most frequently used, followed by 
CD99 and OLIG2 (Fig. 1B).

Molecular testing in gliomas

Regarding astrocytic and oligodendroglial tumors, IDH mu-
tation tests (including IDH1 and IDH2) (n = 9) and 1p/19q loss 
of heterozygosity (LOH) (n = 10) were performed before mak-
ing a final diagnosis. Next-generation sequencing (NGS) (n = 4), 
pyrosequencing (n = 3), peptide nucleic acid (PNA) clamping 
method (n = 3), and Sanger sequencing (n = 1) methods were 
used for IDH mutation testing (Fig. 2A). One center performs 
both NGS and PNA clamping methods for IDH mutation test 
whereas the other one uses only IDH1 IHC. While most of the 
centers used fluorescence in situ hybridization (FISH) to evalu-
ate the 1p/19q status, two centers conducted NGS in addition 
to FISH, for evaluating the 1p/19q status. One center used poly-
merase chain reaction–based LOH analysis (Fig. 2B)

Additional molecular testing included MGMT (O6-methyl-
guanine–DNA methyltransferase) methylation test (n = 8), and 
telomerase reverse transcriptase (TERT) promoter mutation (n = 

8; four single test, four NGS). BRAF mutation test and NGS test, 
for V600E, were performed in eight centers. One center sepa-
rately performed BRAF mutation test in all astrocytic and oli-
godendroglial tumors. Two centers performed BRAF mutation 
test in all infiltrating gliomas except oligodendroglioma.

For pilocytic astrocytomas and PXAs, most molecular testings 
were overlapped with the items mentioned above (Supplementary 
Fig. S2).

For ependymomas, three centers performed NGS and one 
center performed an additional FISH test for 1q gain. 

Ganglioglioma and dysembryoplastic neuroepithelial tumor 

Regarding glioneuronal tumors, the survey focused on gangli-
oglioma and dysembryoplastic neuroepithelial tumor (DNET), 
as they comprised the majority of glioneuronal tumors. In cases 
of ganglioglioma, the most commonly used IHC markers were 
GFAP, Ki-67, and synaptophysin, followed by NeuN and 
CD34 (Fig. 3A), whereas for DNET, synaptophysin, GFAP, Ki-
67, CD34, and NeuN were the most commonly used (Fig. 3B). 
Regarding molecular testing, one center performed the same 
molecular tests as in gliomas. In some centers, IDH mutation 
test (n = 3 in ganglioglioma, n = 2 in DNET), BRAF V600E 
test (n = 1 in ganglioglioma, n = 2 in DNET), and MGMT meth-
ylation test (n = 2 in ganglioglioma, n=3 in DNET) were per-
formed. NGS was performed for ganglioglioma in three centers 
and DNET in one. Five centers did not perform further molec-

ular testing in ganglioglioma and DNET. 

Embryonal tumors

p53 (n = 9), Ki-67 (n = 9), and synaptophysin (n=8) were the 
most commonly used IHC markers in medulloblastoma, fol-
lowed by GFAP. For molecular classification, surrogate IHC 
markers, including growth factor receptor bound protein 2-as-
sociated protein 1 (GAB1; n = 5), β-catenin (n = 1), filamin A (n = 

4), and yes-associated protein 1 (YAP1) (n = 4), were used. All 
10 centers performed integrase interactor 1 IHC for atypical 
teratoid rhabdoid tumors and one center performed additional 
BRG2 IHC. LIN28A IHC was used for embryonal tumors in 
three centers. Three centers performed NGS for embryonal tumors. 
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Ki-67
NeuN
CD34

p53
IDH1

BRAF VE1
OLIG2
ATRX
S100

Galectin3
Vimentin

Synaptophysin
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BRAF VE1
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A       B       C       D      E       F       G       H       I        J

A       B       C       D      E       F       G       H       I        J
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Fig. 3. Immunohistochemistry markers used in ganglioglioma (A) 
and dysembryoplastic neuroepithelial tumor (B). Alphabet A–J rep-
resents respondents. GFAP, glial fibrillary acidic protein; IDH1, iso-
citrate dehydrogenase 1; OLIG2, oligodendrocyte transcription 
factor 2; ATRX, α-thalassemia/mental retardation syndrome X-
linked.
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Meningioma

All 10 centers performed Ki-67 IHC for meningioma, and 
additional phosphohistone H3 IHC was used in six centers. 
Three centers separately examined the TERT promoter muta-
tion. Two centers performed NGS for meningioma, which in-
cluded TERT in NGS panel. 

DISCUSSION

We conducted surveys in 10 pathology labs in tertiary cen-
ters in Korea to investigate the current status of adjunctive ex-
amination for CNS tumor diagnosis. The 4th revised 2016 WHO 
classification adopted layered diagnosis encompassing histologi-
cal and molecular features, which can precisely classify CNS tu-
mors, thus allowing for more accurate predictions, regarding 
treatment response and prognosis [1]. In particular, IDH muta-
tion and 1p/19q status are the most important diagnostic dis-
criminators of astrocytic and oligodendroglial tumors.

We found that the majority of tertiary centers examined IDH 
mutation and 1p/19q status before development of final diag-
nosis in glial tumors. Particularly, IDH1 IHC is included in 
routine IHC panel in most centers and appears to be a very help-
ful surrogate marker for IDH mutation, because approximately 
over 90% of IDH mutation is IDH1 [2]. Although ATRX is not 
essential in diagnosis of glial tumors based on the current WHO 
classification, 80% of respondents routinely used ATRX IHC.

The ATRX gene is a telomere maintenance-related gene that 
functions in chromatic remodeling and maintains genomic sta-
bility incorporating H3.3 histone proteins into telomeres [3,4]. 
ATRX gene inactivation is correlated with the alternative length-
ening of telomeres. A subset of gliomas harboring ATRX mu-
tation is characterized by IDH mutation and 1p/19q intact [5-
7]. Loss of nuclear expression by IHC is a highly sensitive and 
specific feature of ATRX alteration [4] and can be used as a sur-
rogate marker for ATRX mutation. Combining IHC panel with 
IDH1 and ATRX helps to predict astrocytic tumors in cases of 
those lacking ATRX expression [8]. 

MGMT methylation and TERT promoter mutation are not 
required for diagnosis, but impact patient prognosis and treat-
ment response [9-11]. Promoter methylation of MGMT induc-
es epigenetic silencing of the MGMT gene, restoring alkylated 
DNA. Temozolomide is an alkylating agent used in glioblasto-
ma and the benefits of temozolomide treatment have been 
shown in patients with MGMT methylation [10]. TERT pro-
moter mutation increases telomerase activity and is frequently 
found in glioblastomas and oligodendrogliomas [12]. Previous 

study classified gliomas into molecular groups based on IDH 
mutation, 1p/19q, and TERT mutation status [9]. Results 
showed higher survival rate in TERT and IDH mutation groups 
in grade II and III gliomas, whilst single TERT mutation showed 
the worst survival rate of all gliomas [9]. MGMT methylation 
and TERT promoter mutation tests were conducted in 80% of 
the respondents, and four centers obtained TERT promoter mu-
tation results by NGS. 

NGS has been evolving rapidly and is being adopted in many 
tertiary centers in Korea. NGS uses targeted gene panels to ana-
lyze hundreds of genes. In Korea, there are essential genes such 
as HER2, EGFR, ALK, KRAS, NRAS, BRAF, BRCA1, 
BRCA2, KIT, PDGFRA, IDH1, IDH2, MYC (C-myc), and N-
myc (MYCN) for non-hereditary solid tumors, that should be 
included in said panels. Most tertiary centers running NGS use 
gene panels with 50–300 genes. For gliomas, only one of the 
respondents was using a separate neuropathology gene panel, 
and the remaining were using a common panel for solid tumors. 
For infiltrating gliomas, NGS was routinely performed in six 
centers. In addition to EGFR, BRAF, IDH1, and IDH2 which 
are essential panel genes, six respondents had TERT, TP53, and 
SMARCB1 also in their panels, and one institution substituted 
FISH with 1p/19q LOH (by evaluation of microsatellite loci) 
by NGS.

For the diagnosis of glioneuronal tumors, CD34 and synap-
tophysin IHC were the most commonly performed assays. Syn-
aptophysin is a marker for presynaptic vesicle, and is widely 
used to detect neuron or neuronal differentiation. DNET and 
ganglioglioma are the most common glioneuronal tumors and 
the differential diagnosis between these two is important, because 
DNET is a benign tumor but ganglioglioma could undergo 
malignant transformation [13,14]. Expression of CD34 is the 
one characteristic feature that favors ganglioglioma diagnosis 
over DNET [13]. BRAF V600E mutation could be found vari-
ably in glioneuronal tumors including DNET, ganglioglioma, 
and PXA [15,16] and could be used as a diagnostic and targe-
table marker. 

For meningioma, all respondents performed Ki-67 IHC rou-
tinely. Although Ki-67 labeling index (LI) is not included in 
the current grading system, Ki-67 LI is correlated with mitosis 
and tumor recurrence [17,18]. In previous studies, tumors with 
more than 3% proliferative index, showed a shorter recurrence 
time after resection [19]. TERT mutation also has been reported 
in meningiomas, especially in recurrent and high grade (grades 
II and III) tumors [20]. Although an overall incidence of TERT 
mutation is low (around 5%) in meningioma, TERT mutation 
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predicted more aggressive behavior and poor prognosis in me-
ningioma [21,22]. 

Medulloblastoma is one of the most common embryonal tu-
mors and the second most common CNS tumor in children. 
Medulloblastoma is considered a heterogeneous group that can 
be classified into four molecular subgroups based on Sonic 
hedgehog (SHH) and WNT status. In daily practice, using three 
(GAB1, filamin A, and YAP1) or four IHC (GAB1, filamin A, 
YAP1, and β-catenin) panel could discriminate SHH, WNT, 
and non-SHH/WNT subgroups [23]. Moreover, TP53 muta-
tion can designate the WNT type, IHC of p53 in mutant pat-
tern could help to limitedly predict the molecular subtype [24]. 
Five respondents (50%) used GAB1 and four used a panel com-
posed of GAB1, filamin A, and YAP1, and nine respondents 
used Ki-67 and p53 as routine IHC panel in medulloblastoma. 

NGS can evaluate clinically significant variants across hun-
dreds of targeted genes. In Korea, CNS tumor is classified un-
der non-genetic solid tumor category. Among the essentially 
required 14 genes, EGFR, BRAF, IDH1, and IDH2 are relevant 
to CNS tumors. In the present survey, almost all tertiary centers 
except one used commercial panels and platforms from the 
same manufacturers, which also meets the government’s mini-
mum requirements. NGS is an accurate and sensitive tool for 
detection of additional genetic alteration with much less amount 
of DNA or RNA compared to the conventional techniques, 
which require more amount of tissue and only detect one altera-
tion in one test. However, in daily practice, NGS is still an expen-
sive ancillary test as it has a 2–4 week-turnaround time. For 
prompt diagnosis and subsequent proper treatment, IDH muta-
tion and 1p/19q LOH are being examined separately to achieve 
more rapid final diagnosis. 

In conclusion, we found that most tertiary centers handling 
neuropathological specimens were making diagnosis according 
to the 2016 WHO classification. However, a limitation is still 
present because present survey could not encompass every single 
pathology lab in Korea. Although most CNS tumors in Korea 
are expected to be managed in tertiary centers that participated 
in this survey, there is a possibility that some cases that are not 
handled in tertiary centers may not be properly examined for 
the basic molecular status such as IDH mutation. For the sake of 
proper diagnosis, the first line of ancillary tests composed of IHC 
and simple molecular tests should be established. The second line 
of ancillary tests should encompass NGS assay and other further 
tests that can cover the detailed analysis of CNS tumors. 
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Supplementary Fig. S1. Immunohistochemistry markers used in pilocytic astrocytoma (A) and pleomorphic xanthoastrocytoma (B). Alpha-
bet A–J represents respondents. GFAP, glial fibrillary acidic protein; ATRX, α-thalassemia/mental retardation syndrome X-linked; IDH1, isoci-
trate dehydrogenase 1; OLIG2, oligodendrocyte transcription factor 2; EGFR, epidermal growth factor receptor.
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Supplementary Fig. S2. Molecular markers used in pilocytic astrocytoma (A) and pleomorphic xanthoastrocytoma (B). Alphabet A–J repre-
sents respondents. IDH1, isocitrate dehydrogenase 1; MGMT, O6-methylguanine–DNA methyltransferase; IDH2, isocitrate dehydrogenase 2; 
NGS, next-generation sequencing; TERT, telomerase reverse transcriptase.
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Poorly differentiated thyroid carcinoma (PDTC) was first de-
scribed by Sakamoto et al. [1] as an aggressive thyroid malig-
nancy with morphology and biological behavior between those 
of well differentiated follicular or papillary thyroid carcinoma and 
undifferentiated anaplastic thyroid carcinoma (ATC). Recent 
genetic alterations may be helpful for predicting the biologic 
behavior of PDTC. Mutations in the promoter region of telom-
erase reverse transcriptase are detected in up to 40% of PDTCs, 
which is intermediate between mutation rates reported for well 
differentiated thyroid carcinoma (WDTC) and undifferentiated 
ATC [2]. Because PDTC requires additional chemoradiother-
apy after surgical resection to prevent recurrence and metastasis, 
exact diagnosis is important [3].

PDTC is diagnosed using histologic criteria [4,5]. Unfortu-
nately, most cases are diagnosed after surgical resection and not 
by preoperative fine needle aspiration (FNA) cytology [6]. PDTC 

is usually diagnosed from thyroidectomy specimens. According 
to the recent World Health Organization (WHO) classification, 
PDTC can only be definitively diagnosed histopathologically, 
but we believe that the Turin criteria applied to FNA specimens 
can aid in differentiation of PDTC from anaplastic carcinoma in 
clinically advanced cases. This was also described by Bongiovanni 
et al. [7]. The use of thyroid core needle biopsy is increasing, 
but FNA cytology remains the most commonly used first-line 
diagnostic tool for evaluating thyroid nodules [8]. Prompt pre-
operative diagnosis is important for planning multimodality 
treatment because PDTC has a greater propensity for recurrence 
or distant metastasis than differentiated thyroid carcinoma. How-
ever, presumptive cytologic diagnosis via FNA is challenging 
due to the rarity of PDTC and its overlapping features with 
various follicular neoplasms of the thyroid. Here, we describe and 
review cytologic findings of PDTCs.

Contribution of cytologic examination to diagnosis 
of poorly differentiated thyroid carcinoma

Na Rae Kim1, Jae Yeon Seok1, Yoo Seung Chung2, Joon Hyop Lee2, Dong Hae Chung1

1Department of Pathology, 2Division of Thyroid Clinic, Department of General Surgery, Gil Medical Center, Gachon University College of Medicine, Incheon, Korea

Background: The cytologic diagnosis of poorly differentiated thyroid carcinoma (PDTC) is difficult because it lacks salient cytologic find-
ings and shares cytologic features with more commonly encountered neoplasms. Due to diverse cytologic findings and paucicellularity 
of PDTC, standardization of cytologic diagnostic criteria is limited. The purpose of this study is to investigate and recognize diverse 
thyroid findings of fine needle aspiration (FNA) cytology and frozen smear cytology in diagnosis of this rare but aggressive carcinoma. 
Methods: The present study included six cases of FNA cytology and frozen smears of histologically diagnosed PDTCs. Results: PDTC 
showed cytologic overlap with well-differentiated thyroid carcinomas (WDTCs). Five of six cases showed dedifferentiation arising from 
well differentiated thyroid carcinomas. Only one de novo PDTC showed highly cellular smears composed of discohesive small cells, 
high nuclear/cytoplasmic (N/C) ratio, prominent micronucleoli, and irregular nuclei. Retrospectively reviewed, these findings are highly 
suspicious for PDTC. Cytologic findings of nuclear atypia, pleomorphism, and irregularity were frequently found, whereas scattered 
small cells were seen only in the de novo case. Conclusions: Heterogeneous cytologic findings of PDTCs are shared with those of 
WDTCs and contribute to difficult preoperative cytologic diagnoses. Most PDTCs show dedifferentiation from WDTCs. Albeit rare, de 
novo PDTC should be considered with cytology showing discohesive small cells with high N/C ratio. This will enable precise diagnosis 
and prompt treatment of this aggressive malignancy.
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MATERIALS AND METHODS

Six cases of PDTC treated between from January 2015 to 
November 2018 at Gachon University Gil Medical Center, 
Incheon, South Korea were retrospectively analyzed. The thy-
roid FNA smears of all six cases were histologically diagnosed 
as PDTCs according to histologic criteria agreed upon at the 
Turin consensus conference held in 2006 [5]. Hematoxylin and 
eosin stained cytologic smears and liquid based cytology (Thin-
Prep Pap test, Cytyc Corporation, Boxborough, MA, USA) were 
evaluated. Diagnostic cytologic categorization of FNA was con-
ducted using the six-level diagnostic scheme described in the 
Bethesda System for Reporting Thyroid Cytopathology (TB-
SRTC) [7]. Core needle biopsy performed in one case was classi-
fied based on the reporting procedure proposed by the Korean 
Endocrine Pathology Thyroid Core Needle Biopsy Study Group 
(2015) [9]. TNM staging was evaluated by the American Joint 
Committee on Cancer [10].

Ethics statement

Study approval was obtained from our Institutional Review 
Board (No. GCIRB 2019-106) with a waiver of informed consent.

RESULTS

Clinical summary 

Case 1 was a 55-year-old man transferred from our neurology 
center due to an abnormal thyroid ultrasound during regular fol-
low up. FNA was performed on a 3.3 cm oval hypoechoic mass. 
Six months later, the mass had increased to 4.4 cm. Core needle 
biopsy gave the impression of a follicular neoplasm, and total 
thyroidectomy was performed after frozen cytology and frozen 
section examination. The patient received radioactive iodine 
treatment and was free of recurrence at 7 months after surgery. 
Case 2 was a 35-year-old woman with an incidentally identified 
thyroid mass. On thyroid ultrasound, the mass was 4.9 cm 
sized, ill-defined, oval, hypoechoic, and located in the right lobe. 
FNA cytology was performed. Frozen cytology and frozen sec-
tion findings were highly suspicious for insular carcinoma, and 
total thyroidectomy was performed. The case was diagnosed as 
PDTC with no nodal metastasis. High dose radioactive iodine 
treatment was planned. Three months after surgery, the patient 
was free of recurrence. Case 3 was a 65-year-old man diagnosed 
with papillary thyroid carcinoma at an outside hospital. Enhanced 
head and neck computed tomography showed a large mass 
measuring 6.8 cm at the right lobe and 4.7 cm at the isthmus. 

After FNA slides prepared at the outside hospital were reviewed, 
right lobectomy was performed. The patient refused further 
treatment, including total thyroidectomy, and was lost to follow 
up. Case 4 was a 39-year-old man who presented with an inci-
dentally identified thyroid mass. Thyroid ultrasound showed a 
1.8-cm-sized indeterminate mass in the right lobe. FNA followed 
by total thyroidectomy and radioactive iodine (150 mCi) treat-
ment were performed. During 11 months of follow up, the pa-
tient was free of recurrence. Case 5 was a 73-year-old woman who 
presented with an incidental thyroid mass. Thyroid ultrasound 
showed a 5.5 cm predominantly solid heterogeneous mass in 
the left lobe. After FNA and total thyroidectomy, 131I radioac-
tive iodine (150 mCi) was administered. During 45 months of 
follow up, she remained free of recurrence and continues to be 
followed every 6 months. Case 6 was a 66-year-old woman who 
presented with a long-standing left thyroid mass that replaced 
the mid and lower poles of the left thyroid. Preoperative FNA and 
intraoperative frozen cytology with frozen sections were performed 
and followed by total thyroidectomy. During 22 months of fol-
low up, there was no evidence of tumor recurrence or lymph node 
metastasis.

 
Pathologic findings

Cytologic findings 

FNA of case 1 showed a small amount of follicular cells with 
no mitosis or necrosis. The initial diagnosis was categorized as 
atypia of undetermined significance requiring the differential 
diagnoses of follicular neoplasm and follicular pattern-predomi-
nant papillary carcinoma (Fig. 1A). FNA cytology in case 2 re-
vealed scattered, highly cellular, small round cells (Fig. 1C, D) 
and no evidence of nuclear inclusions, grooves, or necrosis. Ini-
tially, a follicular neoplasm was suspected. Because of the small 
scattered cells, a nodular form of lymphoid malignancy was also 
suspected. Frozen cytology and frozen sections raised a high 
level of suspicion for PDTC (Fig. 1E). FNA of case 3 revealed 
cellular clusters of atypical follicular cells with irregular vesicu-
lar nuclei; initial diagnosis was suspicious for papillary carcinoma, 
i.e. category V (Fig. 1F). FNA of case 4 showed a few scattered 
clusters of follicular cells with mild irregular nuclei in a hemor-
rhagic background (Fig. 1G) and was classified as category IIII, 
follicular lesion of undetermined significance. FNA of case 5 re-
vealed paucicellular bloody smears (Fig. IH) suggestive of a be-
nign follicular nodule. On retrospective review, aspirated smears 
were scant. Intraoperative frozen imprint smears revealed a few 
papillary structures in many singly scattered small cells showing 
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Fig. 1. Cytologic findings of poorly differentiated thyroid carcinoma. (A) Case 1. Fine needle aspiration (FNA) shows few clusters of follicular 
cells with atypia. (B–E) Case 2. (B) FNA shows few scattered sheets or singly scattered small cells with no nuclear inclusions or grooves. (C–
E) Frozen imprint cytology of intraoperative excised mass shows round tumor cells containing scant cytoplasm and round heterochromatic 
nuclei (C, D). (E) High power view shows atypical follicular cells with small prominent nucleoli. (F) Case 3. FNA reveals cellular clusters of 
atypical follicular cells with irregular vesicular nuclei. (G) Case 4. FNA of case 4 shows few scattered clusters of follicular cells with mildly 
irregular nuclei. (H) Case 5. FNA of case 5 shows scant cellular smear with few microfollicles. (I, J) Frozen imprint smear of case 5 shows few 
papillary structures (I) with nuclear atypia  and occasional nuclear inclusions (J). (K, L) Case 6. (K) FNA shows cluster of atypical follicular cells 
with prominent nucleoli. (L) Intraoperative frozen smears show scattered small cells with nuclear irregularities. 
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Fig. 2. Histology of resected poorly differentiated thyroid carcinomas. (A, B) Case 1. Mass with well-demarcated capsule filled with microfolli-
cles with necrosis. (B) Necrosis. (C, D) Case 2. Histology shows large mass with solid growth pattern and multifocal necrosis in insular pat-
tern (C). Frequent mitotic activity (D, left) and coagulation necrosis (D, right) are observed. (E) Case 3. Histology shows follicular carcinoma 
and intervening necrosis with focal poorly differentiated carcinoma (inset). (F) Case 4. Histology shows extensive necrosis in well-differenti-
ated follicular carcinoma. Inset shows cellular atypia adjacent to necrosis. (G, H) Case 5. (G) Solid growth pattern in follicular carcinoma. (H) 
High power view shows necrosis with transition to poorly differentiated carcinoma. (I, J) Case 6. (I) Histology of total thyroidectomy shows 
background well-differentiated follicular carcinoma and foci of poorly differentiated carcinoma. (J) High power view (left) is shown. Note mitosis 
in tumor cells (right).
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occasional nuclear inclusions (Fig. 1I, J). FNA of case 6 showed 
scant cellularity and clusters of follicular cells with occasional 
oncocytic features and slight cellular atypia (Fig. 1K). This case 
was originally diagnosed as follicular neoplasm, Hurthle cell 
(oncocytic) type (diagnostic category IV). Frozen touch smears 
revealed scattered atypical small cells (Fig. 1L). 

Histologic findings

Histologically, core needle biopsy of case 1 showed a microfol-
licular proliferative lesion with a fibrous capsule and no mitosis 
or necrosis. The lesion was categorized as category IV, follicular 
neoplasm/suspicious for follicular neoplasm. Total thyroidectomy 
revealed a 4.4 cm oval mass with a PDTC portion (30%) arising 
from follicular carcinoma (Fig. 2A). The PDTC area showed fre-
quent mitosis (9 per 10 high-power field [HPF]) and focal necrosis 
(Fig. 2B). Case 2 showed a large mass with scattered adjacent 
satellite nodules and extensive vascular invasion in the right lobe 
(Fig. 2C). A diffuse solid growth pattern with frequent mitotic 
activity and necrosis were observed (Fig. 2D). Histology of case 
3 showed PDTC (10%) arising from follicular carcinoma and 
measuring 6.5 cm (Fig. 2E). Total thyroidectomy in case 4 revealed 

a PDTC portion (20%) with a solid and trabecular pattern that 
arose from a 1.3-cm well differentiated follicular carcinoma 
confined within the thyroid (Fig. 2F). In case 5, total thyroidec-
tomy revealed PDTC arising from a follicular carcinoma (Fig. 2G) 
with necrosis (Fig. 2H). In case 6, total thyroidectomy revealed 
a large bulging ovoid mass replacing the left lobe. The mass was 
a 2.2-cm poorly differentiated carcinoma with a trabecular pat-
tern that arose from follicular carcinoma (Fig. 2I). Due to complete 
capsule formation with capsular invasion, follicular neoplasm 
including widely invasive follicular carcinoma was suspected. Up 
to 11 mitoses per 50 HPF was observed in the PDTC area (Fig. 
2J). Size ranged from 1.8 to 7.0 cm (median, 5.2 cm). Three 
females and three men were included, and ages ranged from 35 
to 73 years (median, 56 years). Resected tumors ranged from 1.8 
to 7.0 cm (median, 5.2 cm). 

Clinical, cytologic, and histologic summary of the six cases is 
provided in Table 1. 

DISCUSSION

PDTC has morphology and biological behavior between those 

Table 1. Clinicopathologic summary of six cases of poorly differentiated thyroid carcinoma 

Sex/
age 
(yr)

Thyroid 
ultrasound

Initial diagnosis of FNA by 
the Bethesda System 
for Reporting Thyroid 

Cytopathology

Frozen  
cytology 

Histology and 
gross morphology 

TNM stage 
by AJCC 
(8th ed)

Treatment Follow-up (mo)

1 M/55 4.4-cm oval 
hypoechoic mass 
at the right lobe 

Category III. Atypia of 
undetermined significance/
follicular lesion of 
undetermined significance

Not 
performed

PDTC (30%) arising in 
follicular carcinoma, 
4.4 cm

T3N0M0 Total thyroidectomy 
with ablation 131I Tx 
(100 mCi)

NER (7)

2 F/35 4.9-cm oval 
shaped ill-defined 
hypoechoic mass 
at right lobe

Category IV. Suspicious for 
follicular neoplasm; the 
possibility of FN or PTC of 
follicular variant

Performed Pure PDTC 4.7 cm, 
confined within 
thyroid

T3N0M0 Total thyroidectomy 
with ablation 131I 
(150 mCi)

NER (7)

3 M/65 7-cm replacing nearly 
entire right lobe

Category V. Suspicious for 
papillary carcinoma

Not 
performed

PDTC (10%) arising in 
follicular carcinoma, 
6.5 cm, confined 
within thyroid

T3N0M0 Right lobectomy due 
to refusal of total 
thyroidectomy

Lost to follow-up

4 M/39 1.8-cm hypoechoic 
mass at right lobe

Category III. Follicular 
lesion of undetermined 
significance 

Not 
performed

PDTC (20%) with 
solid and trabecular 
pattern arising in 
follicular carcinoma, 
1.3 cm, confined 
within thyroid 

T1N0M0 Total thyroidectomy 
with ablation 131I 
(150 mCi)

NER (11)

5 F/73 5.5-cm predominantly 
solid heterogeneous 
mass at left lobe

Category II. Suggestive of 
benign follicular nodule

Performed PDTC (25%) arising in 
follicular carcinoma, 
5.5 cm confined 
within thyroid

T3 N0M0 Total thyroidectomy 
with ablation 131I 
(100 mCi)

NER (45)

6 F/66 5.5 cm Category IV. Suspicious for 
follicular neoplasm, Hurthle 
cell type

Performed PDTC (45%) arising in 
follicular carcinoma, 
5.5 cm confined 
within thyroid

T3 N0M0 Total thyroidectomy 
with ablation 131I 
(100 mCi)

NER (22)

FNA, fine needle aspiration; AJCC, American Joint Committee on Cancer; PDTC, poorly differentiated thyroid carcinoma; NER, no evidence of recurrence; FN, 
follicular neoplasm; PTC, papillary thyroid carcinoma. 



http://jpatholtm.org/ https://doi.org/10.4132/jptm.2019.12.03

176     •  Kim NR et al.

of WDTC and ATC. PDTC either develops by dedifferentia-
tion of WDTC or de novo from benign thyroid follicular cells. 
All of the present six cases except for case 2 showed PDTC 
dedifferentiated from WDTC. The current histologic criteria of 
PDTC are as follows [5]: (1) presence of solid, trabecular, or in-
sular growth pattern, (2) absence of conventional nuclear fea-
tures of papillary carcinoma, and (3) presence of at least one of 
the following features: convoluted nuclei, mitotic activity > 3 
per 10 HPF or 3 per 10 HPF, and tumor necrosis. These criteria 
achieved consensus in Turin in 2007 [4], and the recent WHO 
classification is also based on this consensus [7]. In the 2nd edi-
tion of the TBSRTC, cytologic criteria include a uniform popu-
lation of malignant follicular cells with scant cytoplasm [7]. How-
ever, cytologic diagnostic criteria have not been standardized. 
The most recent edition of TBSRTC proposed the following 
criteria: (1) uniform population of malignant follicular cells with 
scant cytoplasm with/without oncocytic features, (2) high nuclear/
cytoplasmic (N/C) ratio with variable nuclear atypia, (3) pres-
ence of necrosis, apoptosis, or mitosis, and (4) scant colloid and 
cytoarchitecture of an insular, solid, or trabecular pattern. How-
ever, these FNA findings have no great specificity in explanatory 
notes. Previous studies on the FNA findings of PDTC showed 
no universally accepted cytologic criteria, and the issue remains 
problematic [7]. The presence of tumor necrosis or mitotic fig-
ures on FNA provided helpful diagnostic clues in previous studies 
[11]. However, these high grade cytologic findings are shared 
with those of ATC. Combined WDTC with PDTC and ATC 
are also difficult to diagnose by cytology [12]. Even rare cases of 
follicular adenoma without capsular/vascular invasion may exhibit 
small foci of PDTC transformation or spindle cells mimicking 
PDTC and are not easily extracted by FNA [1,13]. Cytologic 
findings of PDTC tend to overlap those of WDTC or even med-
ullary thyroid carcinoma (MTC). Bongiovanni et al. [7] sug-
gested that PDTC exhibits four major characteristic cytologic 
features: insular/solid/trabecular pattern, high N/C ratio, severe 
crowding, and single cells [6]. In addition, bare nuclei, poly-
morphonuclear leukocytes, and endothelial wrapping have also 
been suggested as ancillary diagnostic features [14]. In previous 
reviews of diverse cytologic studies, the most commonly reported 
FNA findings of PDTC were granular or salt-and pepper-like 
chromatin pattern, small cells with high N/C ratio, nuclear over-
lapping, and mild nuclear pleomorphism [15]. Thus, primitive, 
small tumor cells with scant cytoplasm and high N/C ratio are 
a key diagnostic feature of PDTC. The most important differ-
ential diagnoses of scattered small cells in PDTCs are papillary 
carcinoma and a small cell variant of MTC [14-16]. The classic 

morphology of MTC presents as epithelioid cells with occasional 
plasmacytoid appearance and focal spindle cell morphology. 
Giant, clear, and oncocytic cells, and small cell variants may also 
be observed. The small cell variant of MTC mimic resembles 
PDTC, Ewing sarcoma, lymphoma, metastatic carcinoma, or 
primary small cell carcinoma [17]. The small cell variant of MTC 
also exhibits granular plasmacytoid cytoplasm and a salt-and-
pepper-like nuclear chromatin pattern with occasional back-
ground amyloid; granular/coarse chromatin was reported in up 
to 95.5% of cases by Kane and Sharma [11] The oncocytic vari-
ant of PDTC should be distinguished from MTC, oncocytic 
(Hurthle cell) carcinoma, and metastatic carcinoma [15]. This 
rare variant of PDTC shows frequent small cell changes (as in case 
2) and lymphoma, small cell carcinoma, and primary or meta-
static neuroendocrine tumor should be included in differential 
diagnoses [17]. Necrosis or increased mitosis are rarely found in 
papillary carcinoma or well differentiated follicular carcinomas. 
These high grade cytologic features are more commonly found 
with undifferentiated thyroid carcinoma, but cytologic findings 
such as hypercellularity, insular pattern, small cell size, high N/C 
ratio, granular chromatin, severe nuclear overlapping, mild nuclear 
pleomorphism, abrupt nucleomegaly, apoptosis, mitosis, and 
necrosis are not observed in WDTC. Therefore, these diverse cyto-
morphologic features are crucial for cytologic diagnosis of PDTC. 

Examination of smear backgrounds is also important for cyto-
logic diagnosis of PDTC; hemorrhage without colloid and the 
occasional presence of necrotic debris may be important diag-
nostic clues. However, a background of necrotic debris is uncom-
mon. In our six cases, only hemorrhagic background was found. 
Unfortunately, none of our FNA cytology cases fulfilled exact 
cytologic diagnostic criteria due to paucicellular, nonrepresenta-
tive samples (cases 1, 4, 5, and 6) or misinterpretation (cases 2 
and 3). Case 3 was initially misinterpreted as papillary carcinoma; 
retrospective review showed small prominent micronucleoli and 
irregular nuclei that were overestimated as papillary carcinoma. 
TBSRTC suggests that the presence of isolated atypical follicular 
cells and focal necrosis and mitosis should be reported as suspi-
cious for follicular neoplasm. A retrospective review of case 2 
showed scattered discohesive small cells. However, the case 
should be considered highly suspicious for PDTC because dis-
persed scattered single cells or clusters of cells with a predomi-
nance of small cells is more commonly found in PDTC, MTC, 
and rarely solid variant of papillary carcinoma. The present six 
cases showed heterogeneous cytologic findings. Only one of six 
cases showed de novo PDTC without the WDTC component; 
small foci of PDTC can interfere with precise cytologic diagnosis. 
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WDTC components comprise most of the tumors and interfere 
with precise preoperative cytologic examination. As shown in 
Table 1, one case was originally diagnosed as category II (case 5), 
one was diagnosed as category V (case 3), two were diagnosed as 
category IV (cases 2 and 6), and the remaining two were diag-
nosed as category III (cases 1 and 4). This variable cytologic cat-
egorization is in line with a review by Saglietti et al. [6]. Initial 
cytologic diagnosis in cases 2 and 6 was category IV, i.e., follic-
ular neoplasm/suspicious for follicular neoplasm, which is plau-
sible because PDTC shares monotonous uniform tumor cells with 
well differentiated follicular adenoma/carcinoma. In case 5, cyto-
logic misdiagnosis as category II was caused by inadequate sam-
pling of scarce cellularity. According to TBSRTC, 1/3 of PDTCs 
are reported as follicular neoplasm/suspicious for follicular neo-
plasm (category IV), and only 1/3 cases are reported as PDTC, 
or poorly differentiated carcinoma, not otherwise specified [18]. 

TBSRTC is now applied in preoperative FNA diagnosis and 
has improved the quality of reporting by decreasing diagnostic 
discrepancies and facilitating consistency in management plans. 
However, as shown above and in previous cytologic studies, the 
lack of consensus and standardization in FNA cytology of PDTC 
leads to ambiguity in both cytologic diagnoses and clinician inter-
pretation of these diagnoses. More accurate and improved report-
ing of PDTC is anticipated with a recently suggested modified 
Bethesda system informing cytologic adequacy [18,19]. Previous 
studies correlating clinical information, cytomorphology, and 
ancillary immunohistochemical stains such as Pax8, BRAF, or 
thyroglobulin report improved diagnostic accuracy in thyroid 
FNA cytology, but these studies are theoretical and inconsistent 
[20]. 

In TBSRTC, inadequate samples caused by paucicellularity, 
cystic fluid only, obscuring blood, drying artifact, or calcified 
material result in low sensitivity and high false-negative rates. 
Adequacy criteria may be important to establish a benign cate-
gory and minimize false negative results. Paucicellularity is 
caused by a small component of PDTC in most cases, and stan-
dardization of cytologic diagnostic criteria is limited. However, 
nuclear atypia, pleomorphism, and irregularity are frequent cy-
tologic findings of PDTC. The mitosis and necrosis that are fre-
quently found on histology are uncommonly encountered on 
FNA because most cases have small foci of PDTC. Only one of 
the six present cases had scattered poorly differentiated small 
cells, a helpful cytologic finding. Preoperative core needle biopsy 
may be non-representative because of a relatively small propor-
tion of PDTC, leading to misdiagnosis. Cytologic diagnostic 
accuracy for PDTC is challenging and should be improved by 

recognizing its diverse cytologic findings.
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Blunt force trauma to the head or neck region can cause trau-
matic basal subarachnoid hemorrhage (TBSAH). TBSAH can 
be fatal, as it can lead to instantaneous loss of consciousness and 
death. The most common site of vascular rupture is thought to 
be the vertebral artery, particularly the intracranial course [1,2]. 
However, because of the position of the vertebral artery in the 
cranial cavity, it is difficult to determine the bleeding focus on 
routine autopsy; also, the intracranial vertebral arteries are nor-
mally cut to remove the brain. In TBSAH cases, posterior neck 
dissection has been used to locate the bleeding focus in the du-
ra-perforating and intracranial portions of the vertebral artery; 
using this method, tear sites in the vertebral artery can be iden-
tified more frequently [3,4]. In this report, the clinicopatholog-
ic features of four TBSAH cases are summarized. 

CASE REPORT

Posterior neck dissection was performed during autopsy in four 
cases with a history of TBSAH by the National Forensic Service 
in South Korea from 2018 to 2019 to investigate bleeding focus. 

The deceased individuals were two men and two women aged 
22–53 years. Another case of basal subarachnoid hemorrhage 
with a trauma history was excluded from this series of four cases 
because of underlying vasculopathy (aneurysmal rupture).

The posterior neck dissection method was previously described. 
Briefly, the posterior laminae of the upper cervical vertebrae are 
excised; then, an inverted wedge is cut from the posterior occipital 
bone above the foramen magnum. After the dura are opened 
and the spinal cord is exposed, the spinal cord is pulled to one 
side and the dura surrounding the penetrating portion of the 
vertebral artery is excised. Then, the intracranial vertebral artery 
is pulled up and the extracranial vertebral artery is severed just 
below the dura. The brain, spinal cord, and dissected intra- and 
extracranial vertebral arteries are removed together [3]. Finally, 
the dissected vessels are carefully examined to identify the source 
of hemorrhage.

The deceased individuals rapidly lost consciousness after being 
assaulted on the face, head, or neck. All of the deceased individuals 
were under the influence of alcohol. Two individuals died within 
24 hours, whereas the other two individuals survived for two to 
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eight days on life support including mechanical ventilation. Au-
topsy revealed diffuse basal subarachnoid hemorrhage in all four 
cases, with vertebral artery injury. In all four cases of vertebral 
artery injury, a longitudinal tear was identified in the midpor-
tion of the vessels’ intracranial portion. Interestingly, three of the 
four intracranial vertebral artery injury cases had a longitudinal 
fissure in the vertebral artery instead of a grossly evident tear; 
rupture was confirmed by the water injection method or micro-
scopic examination. Neither postmortem computed tomography 
(CT) nor postmortem angiography was performed in any of the 
cases. The clinicopathologic findings are summarized in Table 1.

Case 1

A 58-year-old male argued with another male, was punched 
in the head and immediately lost consciousness. Cardiopulmo-
nary resuscitation was performed in the hospital but he died 
approximately 1 hour after the assault. The postmortem exami-
nation showed muscular hemorrhage in the left infraauricular 
area and diffuse basal subarachnoid hemorrhage. The intracranial 
arteries in the basal portion of the brain were carefully examined. 
A vaguely visible longitudinal fissure was found in the midpor-
tion of the left intracranial vertebral artery. After injecting water 
into the proximal portion of the vertebral artery with a syringe, 
water leakage was noted along the longitudinal fissure. Fibrinous 

Table 1. Clinicopathologic findings of 4 TBSAH cases

Case No.
Sex/ 

age (yr)
Main site of impact Relevant autopsy findings

Cause of 
impact

Survival
Injured 
vessel

Portion 
of the injured 

vessel
Shape of injury Drinking

1 M/53 Lt infra-auricular Intramuscular hemorrhage in the left 
infra-auricular lesion

Fist 1 hr Lt IVA Mid 1/3 Longitudinal 
fissure 7 mm

+

2 F/30 Lt posterior neck Intramuscular hemorrhage in the left 
posterior neck

Fist 23 hr Lt IVA Mid 1/3 Longitudinal 
fissure 5 mm

+

3 F/22 Lt infra-auricular Contusions and intramuscular 
hemorrhage in the left infra-auricular 
lesion and mandible

Multiple contusions of the face, chest, 
arm, and thigh

Stent and coils in the ruptured vertebral 
artery

Fist 2 days Lt IVA Mid and distal Longitudinal 
14 mm

+

4 M/41 Face and head, 
multiple

Multiple contusion, laceration, and 
intramuscular hemorrhage involving 
head and neck

Fractures of the mandible and maxilla

Fist knee 8 days Lt IVA Mid 1/3 Longitudinal 
fissure 5 mm

+

TBSAH, traumatic basal subarachnoid hemorrhage; M, male; Lt, left; IVA, intracranial vertebral artery; F, female.

Fig. 1. (A) A vague longitudinal fissure in the left vertebral artery (white arrow). (B) Water leakage through the ruptured portion. (C) Histology 
of the left vertebral artery at the point of rupture showing fibrinous material at the rupture site.

A B C
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material was identified in the ruptured portion of the vessel on 
microscopic examination (Fig. 1). 

Case 2

A 30-year old female was punched in the head. She immedi-
ately lost consciousness and was taken to the hospital. She died 
23 hours after the assault. Postmortem examination revealed a 
deep muscular hemorrhage in the left posterior neck and diffuse 
basal subarachnoid hemorrhage. A vaguely visible longitudinal 
fissure was found in the midportion of the left intracranial ver-
tebral artery. Water was injected into the proximal portion of the 
vertebral artery, but did not leak through the longitudinal fissure. 
However, water leakage was observed in the basilar artery. Mi-
croscopically, the longitudinal fissure of the vertebral artery was 
completely clogged with fibrin clots. In the area of the basilar ar-
tery where the water escaped, neither neutrophil infiltration nor 
fibrin materials were observed. Thus, the longitudinal fissure in the 
vertebral artery was identified as the true site of rupture (Fig. 2). 

Case 3

A 22-year-old female was punched on the left side of the neck. 
She immediately lost consciousness and was taken to the hospital. 
CT and cerebral angiography were performed and revealed injury 
to the left vertebral artery. A stent and coils were inserted in the 
injured artery, but the patient died 2 days after the assault. 
Postmortem examination revealed muscular hemorrhage in the 
left infra-auricular area and diffuse basal subarachnoid hemor-
rhage. A longitudinal rupture was observed in the left vertebral 
artery and a stent and coils were visible in the affected artery. 

Case 4

A 41-year-old man was punched on the left side of his jaw, and 
he collapsed. He was then struck in the face and head several 
times by the perpetrator’s fist and knee. The victim was taken to 
the hospital but died eight days after the assault. Postmortem 
examination revealed multiple contusions of the face and head, 
along with fractures of the mandible and maxilla. A longitudinal 
fissure was found in the midportion of the left intracranial verte-
bral artery. Water was injected into the proximal portion of the 
vertebral artery, but did not leak through the longitudinal fissure. 
Microscopically, fibrinous material was identified in the ruptured 
portion of the vessel, and the lumen of the injured vessel was 
clogged with thrombus (Fig. 3). 

Decedents are generally not considered to be human subjects 
for the purposes of research, and therefore are not generally under 
the purview of an institutional review board. For these autopsy 
case reports, consent was obtained for autopsy, and further in-
formed consent was not required.

DISCUSSION

Previously, extracranial vertebral artery rupture was thought 
to cause fatal traumatic subarachnoid hemorrhage [5,6]. How-
ever, Leadbeatter suggested that extracranial vertebral artery 
injury could be a concomitant lesion and that the bleeding focus 
might be an unidentified vascular tear inside the cranial cavity 
[7]. Currently, many pathologists believe that the more com-
mon site of rupture in TBSAH is the intracranial vertebral artery 
[2,8].

Fig. 2. (A) Longitudinal fissure in the left vertebral artery (white arrow). (B) Water leakage through the artificially ruptured portion of the proxi-
mal basilar artery (empty arrow). The true site of rupture is indicated (white arrow). (C) Histology of the true rupture site showing complete 
blockage by a fibrinous plug.
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Because of the deep location of the vertebral artery in the cranial 
cavity, it is difficult to examine on autopsy. In case of vertebral 
artery injury, it can be challenging to locate the bleeding focus. 
When the injured vertebral artery portion is not visible on autopsy, 
a water injection method is commonly used, which identifies 
the rupture site via water leakages after injection into the origin 
of the vertebral artery [9].

Posterior neck dissection was used to investigate the bleeding 
focus in 11 TBSAH cases between 2013 and 2019, including 
previously published cases and the four cases described herein; 
intracranial vertebral artery laceration was identified in nine cases 
[3,4]. All of the deceased individuals were under the influence of 
alcohol, were struck in the head or neck via punching or kicking, 
and lost consciousness instantaneously during the assault. The 
individuals lived less than 24 hours in three cases and survived 
from 2 to 9 days in eight cases. In the past, most TBSAH patients 
died soon after loss of consciousness; however, advanced life sup-
port including mechanical ventilation now enables sustained 
survival in an unconscious state.

Longitudinal tears were identified in all nine injured intracra-
nial vertebral arteries in this series. These findings agree with those 
of other studies reporting that longitudinal tears are the charac-
teristic intracranial vertebral arterial injury in TBSAH [10,11].  
Vascular tears in nine of the cases were observed in the midpor-
tion of the intracranial vertebral artery; in one of these cases, the 
tear was seen in the mid and distal portions of the intracranial 
course, and in another in the mid and proximal portions [4]. 
Although the mechanism remains unclear, based on these results, 

the midportion of the intracranial vertebral artery seems to be the 
portion most vulnerable to TBSAH. Therefore, when autopsy is 
performed in cases of TBSAH, it is necessary to pay close atten-
tion to the midportion of the intracranial vertebral artery. In TB-
SAH, the suggested mechanisms for the vertebral artery injury 
are direct trauma to the vessel, extensive stretching of the vessel 
during hyperextension or rotation of the neck, oscillation of the 
brain with shearing force, and increased intravascular pressure 
[8]. Considering that vertebral artery injury is observed mainly in 
the middle portion of the intracranial regions, stretching or shear-
ing forces on the vessels are likely to play an important role.

Three of four verified intracranial vertebral artery ruptures 
consisted of vaguely visible longitudinal fissures in the vertebral 
artery without a grossly evident tear. On gross examination, the 
longitudinal fissures in the external surface of the vertebral ar-
teries seemed rough and fluffy, as opposed to the typical smooth 
and glistening appearance. Because it was difficult to determine 
with gross examination alone whether a rupture had occurred, 
the rupture site was confirmed by injecting water into the blood 
vessel to identify areas of leakage or through microscopic exam-
ination. One of the cases showed water leakage at the longitu-
dinal fissure. In one case, water leakage was observed in the basi-
lar artery rather than at the site of the longitudinal fissure in the 
intracranial vertebral artery. Histological examination revealed 
that the longitudinal fissure in the vertebral artery was com-
pletely obstructed with a fibrin clot and that fibrin deposition and 
inflammatory cell infiltration were absent in the basilar artery. 
Therefore, the vertebral artery area was determined to be the true 

Fig. 3. (A) Longitudinal fissure in the left vertebral artery (white arrow). (B) Histology of the ruptured portion showing thrombus in the vascular 
lumen.
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site of the rupture and water leakage in the basilar artery was at-
tributed to an artificial rupture that occurred during autopsy. In 
another case, water leakage was not observed because of throm-
botic occlusion of the vessel. A longitudinal fissure occurring 
after vertebral artery injury may be part of the hemostatic process 
caused by vasoconstriction, platelet plug formation, and fibrin 
deposition after vascular trauma [12]. Because this subtle injury 
may be difficult to identify on gross examination, longitudinal 
fissure may be an overlooked sign of vascular trauma in some 
cases of TBSAH. Therefore, sufficient attention and time should 
be invested in identifying minute vascular injuries during autopsy 
in TBSAH cases.

Generally, damage to the vertebral artery ipsilateral to the blunt 
impact is more frequent than damage to the vertebral artery 
contralateral [8]. One case in this series showed multiple contu-
sions or muscular hemorrhages on both sides of the face, head, 
and neck. As a result, it was difficult to determine whether the 
intracranial artery injury occurred ipsilaterally or contralaterally 
to the site of impact. In the remaining three cases with the impact 
on the left side of the head or neck demonstrated injury to the left 
vertebral artery, showing a relationship between the site of impact 
and the site of vascular injury 

This study has several limitations. First, the number of cases 
was small. Second, in two cases, the survival period was longer 
than that reported in previous publications, and interpretation of 
some of the gross and histological findings may have been af-
fected by changes occurring in the vascular lesions during the sur-
vival period. Therefore, further study is needed to determine 
whether these distinctive vascular injuries are commonly observed 
in TBSAH cases.

In conclusion, the majority of TBSAH cases showed intracra-
nial vertebral artery injuries; therefore, the intracranial vertebral 
artery should be kept intact as far as possible up to its proximal 
portion during autopsy. Posterior neck dissection can be performed 
to examine the entire intracranial vertebral artery without inflict-
ing artificial injury. If posterior neck dissection is not performed, 
removing the cerebral hemisphere before cutting the vertebral 
artery enables examination of longer portions of the intracranial 
vertebral artery. After brain removal, detailed examination is 
needed to identify minute vascular injury. Although the mecha-
nism remains unclear, the midportion of the intracranial verte-
bral artery seems to be the portion most vulnerable to TBSAH. 
Therefore, it is necessary to pay close attention to the midportion 
of the intracranial vertebral artery. If any lesions suspicious for 
vascular damage are found, rupture should be confirmed using 
the water injection method or microscopic examination. 
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Neuroendocrine neoplasms (NENs) exhibit epithelial and 
neuroendocrine features derived from the primitive common 
precursor cells of the neural crest. NENs may occur throughout 
the body, but the gastrointestinal tract is the most commonly 
encountered location. Head and neck locations, especially those 
within the ear, are rare. A literature search identified fewer than 
30 cases of NEN in the middle ear [1], with cases of middle ear 
adenoma, neuroendocrine adenoma of the middle ear, or amphi-
crine adenoma. However, only six cases of NEN of the external 
auditory canal (EAC) have been reported [2-7].

Here, we report an extremely rare case of a carcinoid, well 
differentiated neuroendocrine tumor (NET) grade 1 (G1) oc-
curring in the EAC [8]. In addition, we review the new uni-
form 2018-World Health Organization (WHO) classification 
of NENs proposed for consistent taxonomy [9]. 

CASE REPORT

A 39-year-old Korean man presented at the department of 

otolaryngology complaining of left hearing disturbance and 
tinnitus for one year. Physical examination revealed an EAC 
filled with a rubbery hard mass (Fig. 1A). Temporal bone com-
puted tomography (CT) depicted soft tissue density in and almost 
obliterating the left EAC (Fig. 1B) with bone erosion and ex-
tension beyond the EAC. Initially, otitis externa and a benign 
tumorous condition were included in the differential diagnoses. 
An endaural incision was performed under local anesthesia, and 
widening of the inferior and posterior walls of the EAC was 
achieved by drilling. The mass nearly obliterated the EAC and was 
located near the tympanic membrane, which remained intact. 
Microdissection was performed using a micro scissors. 

Grossly, the excised ovoid mass measured 0.9 × 0.8 × 0.5 cm 
and had a hard rubbery texture. Microscopically, the mass was 
composed of round tumor cells that formed loose cohesive cords, 
sheets, or trabecula of glandular architecture (Fig. 2A). Tumor 
cells contained abundant amounts of fine granular cytoplasm and 
small nucleoli with salt and pepper nuclear chromatin. Endolym-
phatic and vascular tumor emboli were observed, but neither 
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mitosis nor necrosis was evident. Immunohistochemically, tumor 
cells were positive for synaptophysin (prediluted, DAK-SYNAP, 
Dako, Glostrup, Denmark) (Fig. 2B, left) and CD56 (1:100, 
CD564, Novocastra, Newcastle upon Tyne, UK) (Fig. 2B, 
right) but negative for chromogranin (1:100, DAK-A3, Dako), 

A B
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CK20 (1:100, KS 20.8, Dako), and CK7 (1:100, OV-TL 12/30, 
Dako). The Ki-67 (1:100, MIB-1, Dako) proliferation index was 
less than 2%. Accordingly, the tumor was diagnosed as a carcinoid 
tumor with no necrosis or mitosis; neuroendocrine carcinoma 
(NEC) G1 according to the 4th edition of WHO classification of 
head and neck tumors and NET G1-2018 WHO according to the 
uniform standard classification framework.

To exclude metastatic tumor from another site, esophagogas-
troscopy, colonoscopy, and abdominopelvic CT; torso positron 
emission tomography (PET); and a bone scan were performed, 
but there was no evidence of a primary or metastatic tumor.

Hearing sensation was recovered after surgery, and the patient 
showed no systemic symptom, including those of carcinoid 
syndrome. Radiation and chemotherapy were withheld. Instead, 
we followed the patient with annual PET and head and neck 
CT imaging. During the 20 months of follow up, he showed no 
local recurrence or metastasis.

Ethics statement

Approval was obtained from our Institutional Review Board 
(No. GBIRB-2019-238) for publication of this case report with 
a waiver of informed consent.

DISCUSSION

Most malignant tumors arising from the EAC are primary 
tumors, among which squamous cell carcinoma and basal cell 
carcinoma are the most common; others include malignant 
melanoma, lymphoma, and ceruminous gland carcinoma. Few 
reports on metastasis to the EAC from extra-auditory malig-
nancies are reported in the literature [10]. Primary middle ear 
adenoma extending to the EAC has been occasionally reported 
[1], but only six cases of NENs isolated to the EAC were reported 
to date [2-7]. NENs contain epithelial and neuroendocrine com-
ponents and originate from primitive undifferentiated pluripo-
tential stem cells and neural crest cells distributed throughout 
the body, especially in the gut and bronchopulmonary system. 
However, the origin of NENs of EAC remains uncertain, like 
those of skin, because there seem to be no neuroendocrine cells 
in normal skin except for Merkel cells [8]. Cells of neural crest 
origin and epidermal origin should be considered, but further 
study is required to elucidate the origins of EAC and skin NENs.

Clinically, unlike NENs of the bronchopulmonary tract or 
pancreas, the typical carcinoid syndrome symptoms of flushing 
or diarrhea are uncommon in cases of cutaneous or EAC NEN 
[11]. Previously reported EAC NENs have been associated with 

Fig. 1. Myringoscopy revealed a grayish-colored firm mass obliter-
ating the left external auditory canal (A), and temporal bone com-
puted tomography revealed soft tissue density (arrow) at the exter-
nal auditory canal (B).

Fig. 2. Low-power view revealed small uniform tumor cells ar-
ranged in cords, trabecular, and nested patterns (A). Tumor cells 
were strongly positive for synaptophysin (B).
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unilateral conductive hearing loss, ear fullness, tinnitus, and diz-
ziness. Because of its rarity, the NEN of the EAC in the present 
case was indistinguishable from its metastatic counterpart by 
morphology alone [8].

According to the 4th edition of WHO classification of head 
and neck tumors, NENs are categorized into well-differentiated 
(carcinoid, G1), moderately differentiated (atypical carcinoid, 
grade 2 [G2]), and poorly differentiated (small and large cell) 
NECs [8]. NETs arising in the head and neck are histologically 
classified as carcinoid tumors including well-differentiated 
NETs (NEC G1), atypical carcinoid tumors (moderately-differ-
entiated NEC or NEC G2), poorly-differentiated or high-grade 
NECs (including small cell carcinomas and Merkel cell carcino-
mas [MCCs]), and mixed tumor-like adenocarcinoma [1,11,12]. 
Mitotic count and necrosis under light microscopy are impor-
tant in grading: NENs lacking necrosis and low mitosis (< 2/10 
high-power fields [HPFs]) belong to NECs G1; NENs showing 
necrosis and/or mitosis (2–10 mitoses/10 HPFs) are categorized 
as NECs G2; and NENs showing necrosis and high mitotic rate 
(> 10 mitoses/10 HPFs) are categorized as NECs grade 3 (G3). 
Those are collectively named NENs including well-differentiat-

ed and moderately differentiated NECs defined as NETs of G1 
and G2, respectively, and the poorly differentiated NECs as 
small and large cell NECs in NEN-2018 WHO [9]. This new, 
common, and standardized classification of NENs of all organs 
is recommended to be used in a pathologic report as follows. 
Firstly, the parameters used for grading (mitotic count, Ki-67 
labeling index [%], and necrosis) be stated clearly; secondly, the 
site-specific tumor nomenclature must be used according to current 
WHO classifications; and finally, the uniform classification 
framework is added in brackets, e.g., NEN-WHO 2018. 

In review of the seven reported cases of EAC NENs, including 
the present case, we categorized four cases as NECs (MCCs) and 
three were well differentiated NENs. Even if NEN of the ear has 
non-high-grade histology and an indolent biological behavior, 
metastatic potential may exist, and the tumor may recur [7]. The 
recurrence rate of middle ear NEN has been reported to be up 
to 15% [13]. Recently, one case of low-grade NEN treated by 
wide local resection recurred as a pulmonary metastatic nodule 
8 years later [7], which was the first report of recurrent meta-
static NEN of the EAC. Due to the limited number of reported 
EAC NENs, further study is required to ascertain its exact bio-

Table 1. Summary of seven reported cases of EAC NENs, including the present case

Case 
No. 

Study
Age 
(yr)/ 
Sex

Symptom Pathologic finding 
WHO classification of NEN 
according to 4th edition [8] 

(NEN-2018 WHO) [9] 
Treatment 

Prognosis 
(duration of 
follow-up)

1 Manipoud 
et al. 
(1994) [2]

NA NA NA Merkel cell carcinoma 
(NEN-2018 WHO)

NA NA

2 Litofsky 
et al. 
(1998) [3]

86/F Otalgia and 
hearing loss

SYN+ Vimentin+ NF+ CK+ 
Chromogranin-focal+ S100– 
HMB45– GFAP– Serotonin– 
ER– PR–

Merkel cell carcinoma 
(NEN-2018 WHO)

Gross total resection, RT No evidence of 
recurrence 
(8 mo)

3 Mahalingam 
et al. 
(2006) [4]

32/F Progressive 
hearing loss

NSE+ SYN+ PanCKweak+ 
Chromogranin– CK20– S100– 
HMB45– Melan A–

NEC G1 
(NET G1-2018 WHO) 

Second-look 
tympanomastoidectomy

No evidence of 
recurrence 
(8 mo)

4 Palma et al. 
(2007) [5]

72/M Painless swelling 
of  retroauricular 
region and 
sudden onset 
of bleeding

CK perinuclear dot+ 
Chromogranin+ NSE+ SYN+

Merkel cell carcinoma 
(NEC-2018 WHO)

CTx Died due to 
underlying 
multiple 
malignancies

5 Li et al. 
(2012) [6]

62/M Painless mass 
at EAC

CK+ NSE+ Vimentin+ Merkel cell carcinoma 
(NEC-2018 WHO)

Sleeve mastoidectomy and 
tympanotomy, RT, CTx

No evidence 
of recurrence 
(2 yr)

6 McCrary 
et al. 
(2017) [7]

38/F Otalgia, aural 
fullness, and 
decreased 
hearing

PanCK+ CD56+ SYN+ 
Chromogranin+ CK7– Mucin–

NEC G1 
(NET G1-2018 WHO)

Gross total resection Recurrence 
(8 yr)

7 Present 
case

39/M Progressive 
hearing loss

SYN+ CD56+ Chromogranin– 
CK7– CK20–

NEC G1 
(NET G1-2018 WHO)

Gross total resection No evidence 
of recurrence 
(20 mo)

EAC, external auditory canal; NET, neuroendocrine tumor; WHO, World Health Organization; NEN, neuroendocrine neoplasm; NA, not available; NEC, neuro-
endocrine carcinoma; SYN, synaptophysin; NF, neurofilament; CK, cytokeratin; HMB45, human melanoma black 45; GFAP, glial fibrillary acidic protein; ER, 
estrogen receptor; PR, progesteron receptor; RT, radiotherapy; G1, grade 1; NSE, neuron specific enolase; CTx, chemotherapy. 
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logic behavior. These seven cases are summarized in Table 1. 
Based on considerations of late recurrence and metastases de-

spite a bland histology and a low proliferation index, complete 
surgical resection including complete soft tissue removal, 
canaloplasty, and removal of underlying bone is recommended. 
Prophylactic neck dissection may be recommended in neuroen-
docrine carcinomas of the EAC [6]. However, small, low-grade 
NEN may be treated by conservative surgery [7]. Chemoradio-
therapy may be considered for high-grade or incompletely excised 
NEN. Despite limited data, consideration of patient age and 
physical condition, tumor staging, and histological categorization 
should be taken into consideration when determining treatment 
modalities. Additional study of NENs of the EAC is required 
to further understand this rare clinical entity.

Primary NENs of the EAC pose a unique diagnostic and sur-
gical challenge. Although rare, otolaryngologist and radiologist 
should bear in mind metastatic NENs in the differential diag-
noses of EAC masses. Here, we highlight the histologic findings 
of NEN of the EAC, a rare entity, and emphasize that close work 
up and follow up are mandatory, especially for low-grade NEN 
treated by wide surgical resection with or without chemoradio-
therapy.
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Tumor-to-tumor metastasis (TTM) is an extremely rare phe-
nomenon in patients with multiple synchronous or metachro-
nous primary malignancies. Previous studies reported that renal 
cell carcinoma and meningioma are the most common recipients 
of TTM, whereas the most prevalent donors are lung and breast 
carcinomas [1]. Although the lung is one of the organs most 
vulnerable to metastases, a lung carcinoma is one of the most rare 
recipients of TTM. To the best of our knowledge, only two cases 
of lung carcinoma harboring metastatic breast carcinoma have 
been reported in English literature [2]. Herein, we report another 
TTM case in which an invasive lobular carcinoma of the breast 
metastasized to a lung adenocarcinoma.

CASE REPORT

A 52-year-old woman’s medical check-up and ultrasonography 
revealed a 6.2-cm-sized mass in the right breast, which was diag-
nosed as invasive lobular carcinoma by needle biopsy. Before 
surgery, the patient underwent a full-body evaluation. Computed 
tomography revealed a mass in the right lung, which was diag-
nosed as pulmonary adenocarcinoma by needle biopsy (Fig. 1). 
Since the patient was suspected to have synchronous primary 
carcinomas in her lung and right breast with no sign of metas-
tasis, she underwent right lower lobectomy for the lung adeno-
carcinoma and right mastectomy for the invasive lobular carci-
noma of the right breast. The lung mass measured 2.3 cm in 

diameter. Microscopically, most of the lung mass exhibited typical 
growth patterns of lung adenocarcinoma. However, in one focus, 
the tumor cells showed a different arrangement and cytology; the 
tumor cells had minimal cytoplasm without nucleoli in a com-
pact trabecular pattern. The typical adenocarcinoma cells were 
positive for thyroid transcription factor-1 (TTF-1) and E-cadherin 
and negative for estrogen and progesterone receptors. In contrast, 
tumor cells in the morphologically different focus expressed 
immunoreactivity for estrogen and progesterone receptors while 
they were negative for TTF-1 and E-cadherin (Fig. 2). Based on 
these findings, we concluded that the invasive lobular carcinoma 
of the patient’s right breast had metastasized to the lung adeno-
carcinoma. This study was approved by the Institutional Review 
Board of Chonbuk National University Hospital with a waiver 
of informed consent (IRB No. 2019-05-027).

 
DISCUSSION

TTM is an extremely rare phenomenon. Moreover, only approxi-
mately 180 cases have been reported in English literature. The 
most referenced and used criteria to diagnose TTM were pro-
posed by Campbell et al. [3] as follows: (1) more than one primary 
tumor must be present; (2) the recipient tumor must be a true 
benign or malignant neoplasm; (3) the metastatic neoplasm 
must be a true metastasis with established growth in the host’s 
tumor, not the result of contiguous growth (‘collision tumor’) or 
embolization of tumor cells; and (4) tumors that have metasta-
sized to the lymph nodes with existing lymphoreticular malig-
nant tumors are excluded. 

According to previous reports, renal cell carcinoma and me-
ningioma are common recipient tumors of TTM (Table 1) [1]. 
They are both rich in vasculature and have high cytoplasmic 
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lipid and glycogen content [4]. These conditions might be able 
to serve as a favorable microenvironment for disseminated cancer 
cells to metastasize. The lung is one of the most frequent sites of 
metastasis for extrathoracic malignancies. However, lung carci-
nomas are extremely rare to serve as a recipient tumor in a TTM 
phenomenon [1,2,5-7]. A possible explanation for this paradox 
is that lung carcinomas, when compared with normal lungs, are 
often accompanied by fibrosis and are lacking in the rich network 
of thin-walled vasculature [6,8]. Additionally, most lung carcino-
mas grow rapidly; therefore, they are less likely to provide enough 
nutrition for the immigrant cancer cells than renal cell carcino-
ma or meningioma [8].

A lung mass detected in a patient with a history of prior cancer 
proves to be a big challenge to clinicians, radiologists, and pathol-
ogists. Even worse, in TTM cases like our patient, it is nearly 
impossible for a radiologist to detect the metastatic lesion located 
inside the primary tumor. Besides, the needle biopsy, if not con-
taining both primary and metastatic tumors of the mass, could 
be of no use. In our study, we interpreted the needle biopsy of the 
lung mass as a primary lung adenocarcinoma. Even after evalu-
ation of the resection specimen, it is not an easy task to detect 
the metastasis whose focus is small and embedded in the recipient 
tumor. Therefore, if pathologists identify a histologically different 
focus in a morphologically typical primary lung tumor of a pa-
tient with two different primary cancers, they should always take 
TTM occurrence into consideration despite the slim chance.

In conclusion, we report a rare case of an invasive lobular car-
cinoma of the breast metastasizing to a lung adenocarcinoma. 
To avoid an incorrect diagnosis of a tumor with dimorphic ap-
pearance, the TTM phenomenon should be considered as a pos-

sibility. Moreover, it is of great importance to identify metastases 
because metastatic and non-metastatic tumors require different 
treatments.

Fig. 1. High resolution view of computed tomography scan shows 
pulmonary mass (arrow). The mass is located at right lower lobe of 
the lung and shows ground glass opacity. 

Table 1. Approximately estimated number of reported cases of 
tumor-to-tumor metastasis

Recipient tumor Donor tumor
No. of 

reported 
cases

Renal cell carcinoma Lung carcinoma 55
Breast carcinoma 6
Prostate carcinoma 4
Gastric carcinoma 2
Thyroid carcinoma 2
Colon carcinoma 2
Tonsil carcinoma 1
Melanoma 1
Rhabdomyosarcoma 1
Uterine cervix carcinoma 1

Meningioma Lung carcinoma 30
Breast carcinoma 13
Renal cell carcinoma 2
Gastric carcinoma 1
Melanoma 1
Thyroid cancer 1
Esophageal carcinoma 1

Thyroid neoplasm Renal cell carcinoma 10
Lung carcinoma 5
Colon carcinoma 2
Endometrial carcinoma 1
Breast carcinoma 1

Lung cancer Thyroid carcinoma 5
Breast carcinoma 2
Head and neck carcinoma 1
Colon carcinoma 1

Ovary neoplasm Uterine cervix carcinoma 1
Breast carcinoma 1
Appendix carcinoma 1
Colon carcinoma 1
Gastric carcinoma 1

Pituitary adenoma Breast carcinoma 1
Gastric carcinoma 1
Prostate carcinoma 1
Pancreatic endocrine neoplasm 1

Adrenocortical adenoma Lung carcinoma 2
Bladder carcinoma 1
Breast carcinoma 1

Pheochromocytoma Breast carcinoma 2
Renal cell carcinoma 1

Oligodendroglioma Colon carcinoma 1
Breast carcinoma 1
Melanoma 1

Prostate cancer Melanoma 1
Lung carcinoma 1

Thymic neoplasm Pancreatic carcinoma 1
Breast carcinoma 1
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Fig. 2. Histologic features of the breast needle biopsy and resected lung mass. (A) The tumor cells of the breast mass are arranged in infil-
trating single linear cords. (B) Scan view of the pulmonary mass shows dimorphic growth pattern (circular area vs. other region). (C) Higher 
magnification of the circular area of Fig. 2B. The tumor cells are arranged in compact trabecular pattern with minimal cytoplasm. (D) Other 
region of the lung mass showing typical acinar growth pattern. The tumor cells of the circular area of panel B are negative for thyroid tran-
scription factor-1 (E) and E-cadherin (F) and positive for estrogen (G) and progesterone receptor (H).
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Pseudomesotheliomatous carcinoma of the lung (PCL) is a 
rare and unique subtype of lung adenocarcinoma located in the 
pleura, which clinically and/or radiologically mimics the growth 
of malignant mesotheliomas (MM). It is characterized by pleural 
thickening without lung mass; however, ultrastructural, immu-
nohistochemical, and molecular characteristics suggest type II 
pneumocyte origin [1]. The original definition of this cancer by 
Harwood et al. described it as a unique form of lung cancer [1]. 
PCL is known to have a very poor prognosis due to diffuse pleural 
involvement, multiple extrapulmonary metastasis, and no effec-
tive treatment [2]. Advances in our understanding of the genomic 
alterations of cancers have profoundly altered the treatment options 
and prognosis for cancers. However, few studies are available on 
the molecular analysis of PCLs regarding genetic alteration. In this 
study, we report a case of PCL in the parietal pleura with results 
on the genetic alteration of cancer-related genes using a targeted 
next-generation sequencing (NGS) method. 

CASE REPORT

A 69-year-old male patient presented with dyspnea and recur-
rent pleural effusion. He was a current smoker with a 30-pack 
year. He had no history of chronic pulmonary disease or asbestos 
exposure. The patient received thoracentesis and antibiotic treat-
ment, but his condition did not improve. A computed tomog-
raphy (CT) of the chest revealed left pleural effusion and pleural 
thickening with multiple nodules, suggestive of metastatic car-
cinoma. No parenchymal mass was observed in the lung (Fig. 

1A). Positron emission tomography (PET)-CT showed fluorode-
oxyglucose uptake in the areas of pleural thickening (Fig. 1B). 
Video-assisted thoracoscopic surgery (VATS) showed diffuse 
multiple nodules in the parietal pleura, and a biopsy was per-
formed for histologic diagnosis. The histopathological examina-
tion presented glandular and cord-like structures of tumor cells 
within desmoplastic stroma (Fig. 2A). Under high-power field, 
a hobnail-like appearance of tumor cells with hyperchromatic 
nuclei and inconspicuous nucleoli was identified (Fig. 2B). Im-
munohistochemistry (IHC) was performed using an automatic 
immunostainer (BenchMark XT, Ventana Medical Systems, 
Tucson, AZ, USA) according to the manufacturer’s instructions. 
Immunohistochemically, the tumor cells were positive for thyroid 
transcription factor-1 (ready to use [RTU], Ventana Medical Sys-
tems) (Fig. 2C), carcinoembryonic antigen (RTU, Ventana Med-
ical Systems), Napsin A (RTU, Ventana Medical Systems), and 
epithelial membrane antigen (1:50, Dako, Glostrup, Denmark). 
Calretinin (RTU, Ventana Medical Systems) (Fig. 2D), cytokera-
tin 5/6 (RTU, Ventana Medical Systems), Wilms’ tumor prod-
uct-1 (1:100, Dako), and D2-40 (RTU, Ventana Medical Systems) 
were negative. With these immunohistochemical results and 
clinical presentation, the tumor was diagnosed as PCL. The patient 
refused chemotherapy and is only receiving treatment for pleu-
ral effusion. 

Targeted NGS was performed using formalin-fixed paraffin-
embedded (FFPE) tumor tissue. Total nucleic acid was isolated 
from FFPE tumor tissue using RecoverAll Total Nucleic Acid 
Isolation Kit for FFPE according to the manufacturer’s specifica-
tions (Thermo Fisher Scientific, Waltham, MA, USA). The sam-
ples were sequenced using the Oncomine Comprehensive Assay 
Cancer Panel (Ion torrent S5 XL, Thermo Fisher Scientific), 
which covers 2737 amplicons (2530 DNA + 207 RNA) within 
143 cancer-related genes. The number of mapped DNA reads 
was 8,755,214 (≥ Q20) and the mean coverage per target ampli-
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A B

Fig. 1. (A) Computed tomography (CT) of the chest shows the extremely thickened pleura along the left lobe. (B) Positron emission tomogra-
phy–CT shows fluorodeoxyglucose uptake in the left pleural thickening areas. 

A

C
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D

Fig. 2. Histopathological sections showing tumor cells with glandular and papillary, cord-like structures (A) and a hobnail-like appearance of 
tumor cells with irregular and hyperchromatic nuclei resembling malignant mesothelioma (B). Immunohistochemical evaluation demonstrates 
the tumor cells to be positive for thyroid transcription factor-1 (C) and negative for calretinin (D).
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con was × 3,616. The percentage of amplicons that were covered 
by greater than 20% of the mean amplicon coverage was 95%. 
Reads were aligned to the hg19 reference genome and allele fre-
quencies < 5% were excluded. We identified one pathogenic 
somatic mutations in splicing factor 3B subunit 1 (SF3B1) gene, 
NM_012433.3(SF3B1):c.2098A > G (p.Lys700Glu). 

Ethics statement

This study was approved by the Institutional Review Board of 
Chonbuk National University Hospital with a waiver of informed 
consent (IRB No. 2019-04-040).

DISCUSSION

PCLs were first reported by Harwood et al. in 1976 [1]. The 
authors defined this tumor entity as a malignant epithelial neo-
plasm, which presents with radiological, macroscopic, and mi-
croscopic features similar to those of diffuse malignant pleural 
mesothelioma [1]. PCL is mostly found in men, and the age of 
onset is between the sixth and seventh decades of life. The ma-
jority of patients are cigarette smokers [3]. In association with 
asbestos exposure, some researchers reported on the presence of 
asbestos bodies in cancer tissue, and Koss et al. [3] reported the 
possibility of occupational exposure in 21% of the patients. 
However, the relationship between cancer development and as-
bestos exposure is unclear. The tumor growth pattern makes it 
difficult to differentiate PCL from MM based on radiologic find-
ings alone, and histologic confirmation is needed. IHC provides 
an adequate sensitivity and specificity for distinguishing PCL 
from MM. The tumor cells are positive for thyroid transcription 
factor-1, Napsin A, epithelial membrane antigen, and carcino-
embryonic antigen and negative for mesothelial markers such as 
calretinin and D2-40.

PCL is characterized mainly by visceral pleural thickening; 
however, our case showed a unique presentation of only parietal 
pleural thickening without visceral pleural thickening. These 
clinical features created a diagnostic difficulty, and in this case, 
it was important to recognize PCL for an accurate diagnosis.

PCL shows a distinctly different biological behavior from the 
usual type of adenocarcinoma of the lung. Because of its exten-
sive invasion of the pleura and lack of effective treatment, patients 
have a poor prognosis [4]. Recently, identification of the genetic 
alteration of cancer-related genes through sequencing in cancer 
has been widely used for application of targeted cancer treat-
ment. Because PCL does not yet have an established guideline 
on effective treatment and the prognosis is poor, it would be 

meaningful to know the genetic alterations of PLC in terms of 
therapeutic development. No studies about genetic alterations 
in PCL have been reported [5]. We investigated the mutational 
status of cancer-related genes using targeted NGS and identified 
genetic alteration in SF3B1 gene, which is involved in transcrip-
tion and mRNA processing. The mutation of SF3B1 gene has 
been recurrently observed in hematologic malignancies, breast 
cancer, pancreas cancer, prostate cancer, and others. SF3B1 mu-
tations have been reported to be associated with poor outcome 
and drug resistance in chronic lymphocytic leukemia [6]. Al-
though neither the mutation of known genes that have target 
drugs nor driver mutation were observed in this study, an accu-
mulation of information on genetic alteration is expected to be 
useful for understanding the pathogenesis or developing an effec-
tive treatment in the future. 

The histogenesis of PCL is not clear. Harwood et al. [1] re-
ported a small subpleural adenocarcinoma associated with some 
PCL and suggested a possible origin of PCL, as this small sub-
pleural tumor became widely disseminated via subpleural lym-
phatics. A second suggestion is that the fibrous thickening of the 
pleura may be an early event. Furthermore, the cancer devel-
oped in subpleural lung parenchyma and subsequently spread 
rapidly through the thickened pleura. In the present case, VATS 
showed diffuse pleural thickening with multiple nodules in the 
parietal pleura instead of the visceral pleura. Neither chest CT 
nor PET-CT revealed lung parenchymal lesions. In our case, 
with these presentation characteristics, the possibility of differ-
ent histogenesis can be considered. The possibility of pulmo-
nary heterotopia of the pleura can be considered based on reports 
that lung tissue is found in an ectopic location [7]. However, 
there is no report of ectopic lung tissue in the parietal pleura, 
and there is no evidence to support this hypothesis in our case. 

We report a case of PCL presented with parietal pleural 
thickening without lung parenchymal lesions. The present re-
port is the first case of PCL with gene mutation results ap-
proached through NGS. 
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