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Abstract
We assessed the value of cytokeratin 17 (CK17) expression for the differential diagnosis between primary ovarian mucinous 
tumors and metastases from the gastrointestinal tract (GIT) and the significance of CK17 expression in a broad spectrum of 
primary ovarian tumors with respect to their prognosis. The sample set consisted of 554 primary ovarian tumors and 255 GIT 
tumors. In the primary ovarian tumors, a higher CK17 expression (in > 10% of tumors cells) was present only in 0–11.4% of 
all tumors (including mucinous tumors, micropapillary serous borderline tumors, clear cell, endometrioid, and high-grade 
serous carcinomas). The only exception was low-grade serous carcinoma, where higher CK17 expression was present in 
24% of cases. Concerning GIT tumors, the higher levels of CK 17 expression (in > 10% of tumor cells) were observed in the 
upper GIT tumors (68.5% of pancreatic ductal adenocarcinoma, 61.6% of gallbladder adenocarcinoma, and 46% of gastric 
adenocarcinoma), which differs substantially not only from most of the primary ovarian tumors, but also from colorectal 
carcinoma (3.7%; p < 0.001). The results of our study suggest that expression of CK17 can potentially be used as an adjunct 
marker in differential diagnosis between primary ovarian mucinous tumors and metastases from the upper GIT, but not from 
colorectal carcinoma. However, in GIT tumors, CK17 can be used in the differential diagnosis between adenocarcinomas of 
the upper and lower GIT. Statistical analysis did not reveal strong association of CK17 expression with clinicopathological 
variables or patient outcomes in any primary ovarian tumors.
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Introduction

Cytokeratin 17 (CK17) is a low molecular weight cytokera-
tin (type 1 cytokeratin family), which is normally expressed 
in the ectodermal layer during embryogenesis, but is 
silenced in most somatic epithelial tissues [1]. In adults, 
CK17 can be found in the basal cells of complex glandular 
epithelia including myoepithelial cells of breast and salivary 
glands, a subset of skin adnexal epithelial cells, respiratory 
and prostate basal cells, and reserve cells of the endocer-
vix [2–4]. Normal urothelium and squamous epithelium 
is usually CK17 negative, but there may be expression in 
regenerative, reactive, and dysplastic squamous epithelia 

[4–9]. Mechanistic studies showed that under the influence 
of mitogenic signaling, CK17 translocates into the nucleus 
and binds with cell cycle inhibitor p27. The CK17-p27 com-
plex is then exported to the cytoplasm, where p27 under-
goes degradation, leading to sustained cell proliferation [10]. 
Despite being extensively studied in several solid tumors, 
including gastrointestinal tract (GIT) tumors, the literature 
concerning CK17 expression in primary ovarian tumors, 
including mucinous tumors, is very limited with only one 
study analyzing a small series of ovarian mucinous carci-
nomas (n = 12), which were all negative [11]. Based on this 
very limited data concerning primary mucinous ovarian 
tumors and the fact that according to the literature expres-
sion of CK17 is common in pancreatic, biliary tract, and 
gastric adenocarcinomas, the possible role of CK17 in the 
differential diagnosis between primary ovarian mucinous 
tumors and metastatic adenocarcinomas, especially from 
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the upper GIT, has been discussed [12]. However, evidence 
for the use of CK17 for this purpose is currently very lim-
ited. The goal of our study was to assess the expression of 
CK17 in a well-defined sample set of 554 primary ovarian 
tumors, including mucinous carcinomas (MC), mucinous 
borderline tumors (MBT), endometrioid carcinomas (EC), 
clear cell carcinomas (CCC), low-grade serous carcinomas 
(LGSC), micropapillary serous borderline tumors (mSBT), 
and high-grade serous carcinomas (HGSC) with respect to 
the extent of expression and its prognostic significance. A 
further goal was to assess the potential use of CK17 in the 
differential diagnosis of primary ovarian mucinous tumors 
and ovarian metastases (especially from the upper GIT) and 
in the differential diagnosis between upper and lower GIT 
adenocarcinomas, based on an analysis of our data (255 of 
GIT tumors) and the available literature.

Material and methods

Material

The archive files of participating departments from the 
Czech Republic and Hungary were searched for cases diag-
nosed as MC, MBT, EC, CCC, LGSC, mSBT, and HGSC. 
For all primary mucinous tumors (n = 125), the consen-
sus diagnosis was based on the results of an international 
interobserver variability study (based only on HE stained 

slides), which included 14 participants (who are the co-
authors of this study), focusing on the diagnostics of pri-
mary ovarian mucinous tumors on this sample set. The 
results of this study are currently undergoing preparation 
for publication. All EC, CCC, LGSC, mSBT, and HGSC 
were reviewed by two experienced pathologists (PD and 
KN), and only those cases fulfilling the diagnostic criteria 
were included in the study. The final sample set consisted 
of 554 primary ovarian tumors (Fig. 1) including 44 cases 
of MC, 81 cases of MBT, 121 cases of CCC, 52 cases of 
EC, 100 cases of LGSC, 43 cases of mSBT, and 113 cases 
of HGSC (HGSC partially represent a dataset used in a 
previous study) [13]. The GIT tumor sample set consists 
of 255 tumors including primary colorectal carcinoma 
(CRC; n = 104), ovarian metastases from CRC (n = 56), 
primary gastric adenocarcinoma (intestinal type accord-
ing to Lauren classification; n = 50), primary pancreatic 
ductal adenocarcinoma (n = 19), and primary gallbladder 
adenocarcinoma (n = 26). The GIT tumor samples were 
selected from the archive files of the Institute of Pathology, 
First Faculty of Medicine, Charles University and General 
University Hospital in Prague (primary tumors and ovarian 
metastases) and the Fingerland Department of Pathology, 
Charles University, Faculty of Medicine in Hradec Králové 
and University Hospital in Hradec Králové (ovarian metas-
tases). They represented either a dataset used for previous 
studies (CRC) or recently obtained cases [14].

Fig. 1   CONSORT diagram. CCC​ clear cell carcinomas, EC endome-
trioid carcinomas, HGSC high-grade serous carcinomas, LGSC low-
grade serous carcinomas, MC mucinous carcinomas, MBT mucinous 
borderline tumors, mSBT micropapillary serous borderline tumors, 

MUC primary mucinous tumors, AWD alive with disease, DOD died 
of disease, DOC died of other cause, DUC death of unknown cause, 
NED no evidence of disease, IHC immunohistochemical analysis of 
CK17, n number of cases
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Immunohistochemical analysis

The immunohistochemical (IHC) analysis was performed 
using 4-μm-thick sections of formalin-fixed and paraffin-
embedded (FFPE) tissue using tissue microarrays (TMAs). 
The eligible areas of each tumor were identified, and two 
tissue cores (each 2.0 mm in diameter) were taken from the 
donor block using the tissue microarray instrument TMA 
Master (3DHISTECH Ltd., Budapest, Hungary). If a repre-
sentative tumor area was not present or the cores were lost 
to processing, new cores were taken for additional TMAs. 
Whole tissue sections were used in selected cases, in which 
the TMA approach would not be technically optimal due to 
small tumor size or low tumor cellularity. These included 
one ovarian MC with infiltrative invasion, 10 other cases 
of primary ovarian tumors, and 9 colorectal carcinomas. 
Moreover, whole tissue sections were used for all gastric 
adenocarcinomas including 32 cases from endoscopic 
biopsy, which were not eligible for TMA, and 18 cases from 
resection specimens (used as control group for endoscopic 
specimens which were in some cases limited in quantity).

The CK17 staining (clone E3, 1:200, Zeta Corporation, 
Sierra Madre, CA, USA) was performed by the Ventana 
BenchMark ULTRA (Roche, Basel, Switzerland) with the 
OptiView detection kit. The immunohistochemical results 
were assessed semi-quantitatively according to the overall 
percentage of positive cells (0–100%) and then also using 
the H-score method as described previously [15]. For the 
comparison of our results with the literature data concern-
ing the results of immunohistochemical studies, cases were 
classified based on the overall percentage of positive cells 
as negative (totally negative or < 5% of positive tumor 
cells; CK17−) or positive (5–100% of positive tumor cells; 
CK17+).

Scoring

All cases were double-blinded and scored by two experi-
enced pathologists (mucinous neoplasms, EC, GIT tumors: 
PD, MB; CCC, LGSC, mSBT, HGSC: KN, MB) and some 
cases also by a pathologist in training (GIT tumors: BB). 
The cases in which consensus between experienced patholo-
gists was not reached (difference in scoring more than 10% 
or differing results leading to the case being assigned a dif-
ferent category in the 5–10%, 11–50%, and > 50% groups) 
were discussed and consensually scored. In EC, squamous 
morules were excluded from assessment.

Literature review

A review of the literature concerning the expression of CK17 
in any of the tumor types included in our study was car-
ried out. The data was collected from the PubMed database 

and included entries published up to May 2021. The search 
resulted in 379 articles using the term “keratin 17” and 451 
articles using the term “cytokeratin 17.” Only 14 studies 
focused on the expression of CK17 in pancreatobiliary, GIT, 
and ovarian epithelial tumors [4, 11, 16–27].

Statistical analyses

All statistical tests were carried out using the program 
R (version 4.0.2, https://​www.r-​proje​ct.​org/) or Statis-
tica (TIBCO). Correlations between CK17 expression 
(CK17− vs. CK17+) and clinicopathological characteristics 
were analyzed by the Pearson chi-squared test or Fisher 
exact test. Comparison of CK17 expression (H-score) in 
different diagnoses was calculated using ANOVA approach 
(Mann–Whitney U test). All tests were two-sided, and a p 
value of less than 0.05 was considered significant.

For patients with available data (summarized in consort 
diagram, Fig. 1) time-to-event analysis was performed with 
four outcomes—overall survival (OS: the period from the 
date of diagnosis to the date of recorded death), disease-
free survival (DFS: the period from the date of diagnosis 
to the date of death from diagnosis), local recurrence-free 
survival (LFS: the period from the primary diagnosis until 
the first local recurrence), and distant metastasis-free sur-
vival (MFS: the period from the primary diagnosis until 
the first distant metastasis diagnosis). The date of diagnosis 
was recorded as the date of the reception of the primary 
sample. We compared the probability of survival between 
negative (CK17−) and positive (CK17+) cases. The survival 
analyses were plotted using the Kaplan–Meier model, and 
the differences between curves were tested for significance 
using the log-rank test. If a patient did not have an event, the 
case was censored in a given analysis to the date of the last 
known follow-up. To determine whether CK17 expression 
is an independent prognostic factor, the multivariate Cox 
proportional hazard model involving CK17, age, and clinical 
stage was performed.

A receiver operating characteristic (ROC) curve and AUC 
(area under the ROC curve) analysis was performed using 
the “pROC” library implemented in R to evaluate the bio-
marker potential to discriminate different diagnostic catego-
ries. The optimal cut-off values were calculated using the 
“cutpointr” library in R software.

Results

The detailed results of our study together with a comparison 
with the available literature data are summarized in Table 1, 
and representative images of CK17 expression in the various 
neoplasms are shown in Figs. 2 and 3. The ROC analyses 
showed that CK17 expression can potentially be used to 
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differentiate between primary ovarian mucinous tumors and 
upper GIT tumors or between upper and lower GIT tumors 
(Fig. 4). The AUC values were 0.802 and 0.839, respec-
tively, which represents good discrimination. The cut-off 
value for the purposes of discriminating between primary 
mucinous ovarian tumors and upper GIT tumors was 4% 
of overall tumor cell positivity. For differentiating between 
upper GIT and lower GIT adenocarcinomas, the optimal 
cut-off value was 1% of overall positivity, but this should 
be validated on an independent sample set. We did not find 
any significant correlation between CK17 expression and 
clinicopathological variables (Supplementary Table 1).

Ovarian mucinous tumors (MC and MBT)

Expression of CK17 was found in 18/125 (14.4%) primary 
ovarian mucinous tumors including 9/81 (11.1%) MBT and 
3/28 (10.7%) MC with expansile invasion and 6/16 (37.5%) 
MC with infiltrative invasion. However, in 10/125 (8%) 
cases, the expression was only focal (5–10% of tumor cells). 
Only 7/125 (5.6%) cases showed expression in the range of 
11–50% of tumor cells (3 MBT and 4 MC with infiltrative 

invasion), and 1/125 (0.8%) cases showed the expression 
in > 50% of tumor cells (MC with infiltrative invasion). In 
summary, only 8/125 (6.4%) of all primary ovarian muci-
nous tumors showed expression of CK17 in > 10% of tumor 
cells, and only 1/125 (0.8%) showed positivity in > 50% of 
tumor cells. The difference in the overall CK17 expression 
(H-score) between MC and MBT was not statistically signif-
icant (Mann–Whitney U test, U = 1525, Z = 1.32, p = 0.186). 
Similarly, there was no difference between MC with expan-
sile invasion and MC with infiltrative invasion (U = 172, 
Z = -1.27, p = 0.205).

Non‑mucinous primary ovarian tumors

HGSC, CCC, and EC showed generally low expression 
of CK17. Any extent of expression was found in 9.7% of 
HGSC, 3.3% of CCC, and 1.9% of EC. In 11.5% of EC, 
there was a focal CK17 expression present in the squamous 
morules, but these were excluded from the assessment. 
Expression in > 10% of tumor cells was found in 5.8% of 
HGSC, 0.8% of CCC, and 0% of EC and expression in > 50% 
of tumor cells in 1% of HGSC, 0.8% of CCC, and 0% of 

Fig. 2   Cytokeratin 17 (CK17) 
expression in primary ovarian 
tumors. Expression of CK17 
in a mucinous carcinoma 
with expansile and infiltrative 
invasion (A) (100 ×). Dif-
fuse expression of CK17 in 
a mucinous carcinoma with 
infiltrative invasion (B) (100 ×). 
Expression of CK17 in squa-
mous morules in endometrioid 
carcinoma. The glandular tumor 
cells are negative (C) (200 ×). 
Endometrioid carcinoma with 
scattered positive cells (D) 
(200 ×). Micropapillary serous 
borderline tumor with focal 
CK17 expression (E) (200 ×). 
Low-grade serous carcinoma 
with substantial CK17 expres-
sion (F) (200 ×)

205Virchows Archiv (2022) 481:201–212
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EC. On the contrary, CK17 expression in LGSC and mSBT 
was higher, with any extent of expression recorded in 43% 
and 25.6% of tumor cells, respectively. However, in mSBT, 
the expression was mostly focal (in < 10% of tumor cells), 
and only 4.6% showed expression in > 10% of tumor cells 
(no tumors showed expression in > 50% of tumor cells). In 
LGSC, expression in > 10% of tumor cells was present in 
24% of cases and expression in > 50% of tumor cells in 6% 
of cases.

Gastrointestinal tumors

Expression of CK17 differed substantially between CRC and 
upper GIT tumors. CRC showed any positivity in 10.6% 
of cases, but this was mostly focal (< 10% of tumor cells). 
Higher expression (11–50% of tumor cells) occurred in only 
3.7% of tumors. No CRC case showed expression in > 50% 
of tumor cells. When comparing primary and metastatic 
CRC, CK17 expression was higher in primary tumors than 
in metastases (any extent of expression was seen in 14.4% 

vs. 3.6%). On the contrary, the upper GIT tumors gener-
ally showed a higher expression of CK17 with any extent 
of CK17 expression observed in 58% of gastric adenocar-
cinomas, in 73.1% of gallbladder adenocarcinomas, and in 
73.7% of pancreatic ductal adenocarcinomas. However, most 
tumors showed higher levels of CK17 expression (in > 10% 
of tumor cells), which was found in 46% of gastric adeno-
carcinomas, in 61.6% of gallbladder adenocarcinomas, and 
in 68.5% of pancreatic ductal adenocarcinomas. Moreover, 
high levels of CK17 expression (in > 50% of tumor cells) 
were present in 16% of gastric adenocarcinomas, in 23.1% 
of gallbladder adenocarcinomas, and in 63.2% of pancreatic 
ductal adenocarcinomas.

In the group of gastric adenocarcinomas, we also com-
pared the results between biopsies (n = 32) and resection 
specimens (n = 18) and found a high concordance. Any 
extent of positivity was found in 56.2% of biopsies and in 
61.2% of resection samples and positivity in > 50% of tumor 
cells in 15.6% of biopsies and in 16.7% of resection samples. 
The only difference was found in the categories of 5–10% 

Fig. 3   Cytokeratin 17 (CK17) expression in gastrointestinal tumors. 
Focal expression of CK17 in colorectal carcinoma (A) (100 ×). Mod-
erately differentiated pancreatic ductal carcinoma showing CK17 
expression in > 50% of tumor cells (B) (100 ×). Focal expression of 

CK17 in gallbladder adenocarcinoma (C) (200 ×). Moderately dif-
ferentiated gastric adenocarcinoma with diffuse CK17 expression (D) 
(100 ×)

206 Virchows Archiv (2022) 481:201–212
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and 11–50%, where biopsies more often were categorized in 
the category of 5–10% (15.6% vs 5.6%) and less frequently 
in the category of 11–50% (25% vs 38.9%).

Summary of literature

The data obtained from the 14 included studies were ana-
lyzed with an emphasis on the number of CK17 positive 
cases and on the extent of the positivity [4, 11, 16–27]. 
Seven of these studies used the TMA approach (one of 
them combined both whole tissue sections for a third of 
their cases and TMA for the remaining cases). The cut-offs 
for positivity differ among the studies with 10% cut-off 
used in 2 studies (in one of those the criteria was specified 
as “10% in any of 3 TMA cores”), 5% cut-off in 4 studies, 
1% cut-off in 2 studies, and any extent of positivity in 2 
studies (in one of those the expression had to be of strong 
intensity). In 4 studies, the cut-off value based on the per-
centage of positive cells was not specified, and in one of 
those, the detailed results were not available. There was 
a total of 671 pancreatobiliary tumors, which were cat-
egorized as primary pancreatic carcinomas, primary gall-
bladder carcinomas, primary intrahepatic, and extrahepatic 
biliary carcinomas or grouped together into the category of 
pancreatobiliary carcinomas. Out of all cases, expression 

of CK17 was found in 415 (61.9%) cases. Studies dealing 
with primary colorectal adenocarcinomas included 409 
cases, of which 156 (38.1%) showed CK17 expression. 
Studies concerning gastric adenocarcinoma included 362 
cases, from which 39.8% showed CK17 expression.

Prognostic significance of cytokeratin 17 expression

A significant relationship between the expression of CK17 
and age was observed in the group of 113 HGSCs. How-
ever, the ANOVA analysis with the H-score as a con-
tinuous variable did not confirm a significant correlation 
(p = 0.199). We did not find any other significant correla-
tions between the CK17 expression and clinicopathologi-
cal variables in other examined histological types of ovar-
ian cancer (Supplementary Table 1).

To investigate the prognostic value of CK17 expres-
sion in ovarian tumors, we performed a time-to-event 
analysis with a total of four outcomes (OS, DFS, LFS, 
and MFS) for all histological subgroups of ovarian tumors 
with respect to CK17 expression (Supplementary Table 2). 
A sufficient number of events for survival analyses were 
found in the subgroups of HGSC and LGSC, where CK17 
expression had no effect on survival rates.

Fig. 4   Applicability of cytokeratin 17 immunohistochemical stain-
ing in the differential diagnosis. Graph showing receiver operating 
characteristic (ROC) analysis of CK17 in A 125 mucinous ovarian 
tumors and 95 upper GIT tumors and B 95 upper GIT and 160 lower 

GIT tumors. The AUC values indicate that CK17 can be used as a 
marker for differential diagnosis between A primary mucinous ovar-
ian tumors and upper GIT tumors and B upper and lower GIT tumors
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Discussion

Expression of CK17 has been found to be an adverse 
prognostic factor in several tumors, including squamous 
cell carcinoma and adenocarcinoma of the uterine cervix, 
high-grade endometrial carcinoma, breast carcinoma, gas-
tric adenocarcinoma, gallbladder adenocarcinoma, CRC, 
pancreatic adenocarcinoma, esophageal carcinoma, and 
head and neck squamous cell carcinoma [6, 17, 18, 20–22, 
28–33]. One recent study also analyzed the significance 
of CK17 expression as a predictive marker of response to 
chemotherapy in pancreatic adenocarcinoma [34].

In primary ovarian carcinomas, the prognostic signifi-
cance of CK17 expression has been assessed in only one 
study which included 87 “serous” and 17 “non-serous” 
carcinomas [22]. The authors found that the expression of 
CK17 is statistically significantly correlated with tumor 
stage and overall survival, but they did not perform their 
analyses according to the histological tumor type. Accord-
ing to our results, no statistically significant association 
between CK17 expression and clinicopathological char-
acteristics was found. In contrast to the study mentioned 
above, we did not detect any correlation between CK17 
expression and survival for any of the analyzed ovarian 
tumor types. Our results are in accordance with a recent 
study focusing on pan-cancer analysis and oncogenic role 
of CK17 based on its expression profile data from publi-
cally available databases, in which the authors found no 
relation between CK17 expression in ovarian serous car-
cinoma and OS or DFS [33].

Only a few studies have focused on the possible use of 
CK17 as an adjunct in helping to diagnose the primary 
site of the tumor [24, 26]. These studies focused mostly 
on tumors of the GIT, especially on the differential diag-
nosis between pancreatic/pancreatobiliary carcinoma, gas-
tric carcinoma, and colorectal carcinoma. However, the 
value of CK17 expression in the differential diagnosis of 
primary ovarian mucinous tumors and ovarian metasta-
ses (especially from the GIT) has never been analyzed 
in detail. It is well known that in the past a significant 
number of metastatic tumors were diagnosed as primary 
ovarian MCs or even MBTs [35–37]. This knowledge, 
together with an improved understanding of the features 
which can be helpful in the differential diagnosis of these 
tumors, allows us to differentiate between primary and 
metastatic mucinous tumors in most cases. Achieving the 
correct diagnosis should be based on the combination of 
macroscopic, microscopic, immunohistochemical, and 
clinicopathological features [38–43].

Immunohistochemistry can be very helpful for the diag-
nostic procedure, but we should be aware of certain limi-
tations. In general, there is no single antibody which can 

be used alone, and a panel of antibodies is always needed, 
as we have summarized in our recent review [38]. For 
metastases from the lower GIT (colorectal and appendiceal 
tumors), a combination of cytokeratin 7 (CK7), cytokera-
tin 20 (CK20), CDX2, SATB2, and PAX8 is commonly 
used. Recent study of these markers showed that the most 
effective combination is CK7 and SATB2, which outper-
formed the usual immunostaining set of CK7, CK20, and 
CDX2 [44]. However, we should be aware that primary 
ovarian mucinous tumors arising in teratoma can have the 
same immunohistochemical profile as lower GIT tumors. 
The results of our study showed that CK17 has no value in 
this differential diagnosis, as its expression is low in both 
primary ovarian mucinous tumors and CRC.

The differential diagnosis between primary ovarian muci-
nous tumors and metastases from the upper GIT (including 
pancreas, biliary tree, and stomach) is more complicated. 
This is partly due to the fact that especially metastases from 
the pancreatobiliary tree are well known for mimicking the 
morphology of primary ovarian mucinous tumors because 
of the “maturation-effect,” with areas mimicking benign and 
borderline mucinous neoplasia [45–48]. Moreover, the use 
of immunohistochemistry in this setting is rather limited 
and antibodies used in the differential diagnosis between 
primary ovarian mucinous tumors, and metastases from the 
lower GIT tract mentioned above are (with the exception of 
PAX8) useless in the distinction from upper GIT metasta-
ses [38]. Moreover, the loss of DPC4 expression has been 
reported in about 45–58% of pancreatic carcinomas and 
43% of extrahepatic cholangiocarcinomas, but only rarely 
(in about 2% of cases) in primary ovarian mucinous tumors 
[49–51]. Nevertheless, despite its high specificity for metas-
tases from pancreatic/pancreatobiliary tract, the sensitivity 
is rather low, and as such DPC4 is not helpful in the differ-
entiation from gastric adenocarcinoma, as > 95% of gastric 
tumors retain DPC4 expression [51]. No other immunohisto-
chemical marker proved to be useful in this setting. Based on 
this, other markers which can have value in the differential 
diagnosis of primary ovarian mucinous tumors and metas-
tases from the upper GIT are needed. One of the markers 
mentioned in this setting might be CK17, but the evidence 
for use of CK17 for this purpose is currently very limited.

According to the published literature, expression of CK17 
occurs in approximately 77% (range 60–88.2%) of pancreatic 
and 60.5% (range 53.2–92.2%) of pancreatobiliary carcino-
mas [4, 11, 16, 19, 20, 22, 24, 26, 27]. Concerning gastric 
carcinomas, one study showed that CK17 was negative in 
all of tumors studied [24]. However, other studies found 
expression of CK17 in a substantial number of gastric car-
cinomas (range 27.5–52.4%) [4, 18, 26]. Some studies also 
focused on the possible role of CK17 expression in the dif-
ferential diagnosis between upper and lower GIT tumors. 
Some of these reported that CK17 is negative in colorectal 
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carcinomas, but others did not confirm this and found CK17 
positivity in a broad range (5.6–68.2%) of cases [4, 21, 24, 
26, 27]. The results of our study confirm the high expres-
sion of CK17 not only in primary pancreatic and gallbladder 
adenocarcinoma but also in gastric adenocarcinoma (73.7%, 
73.1%, and 58% positivity, respectively), with expression in 
greater than 10% of tumor cells in 68.5%, 51.6%, and 46% of 
cases, respectively, and expression in > 50% of tumor cells in 
63.2%, 23.1%, and 16% of cases, respectively. On the con-
trary, colorectal carcinomas showed CK17 positivity in only 
10.6% of cases (14.4% of primary and 3.6% of metastases), 
and expression in greater than 10% of tumor cells was seen 
in only 3.7% of cases (5.8% of primary tumors and 0% of 
metastases). No case showed expression in > 50% of tumor 
cells. Based on this data, the expression of CK17 can be 
used as a useful adjunct marker in the differential diagnosis 
between colorectal and pancreatobiliary carcinomas, espe-
cially if the extent of the positivity is taken into account.

The literature concerning the expression of CK17 in pri-
mary ovarian carcinomas is very limited, and the results are 
equivocal. We found only 5 studies in which CK17 expres-
sion was assessed in ovarian carcinoma [4, 11, 22, 24, 25]. 
Only one of these studies analyzed CK17 expression in 
mucinous ovarian carcinoma (n = 12), and all cases were 
negative [11]. All cases of serous carcinoma in the same 
study (n = 41) were also negative. In our study, we used a 
cut-off of at least 5% of tumor cells for positivity. Using 
this cut-off, any extent of CK17 expression was present in 
14.4% of mucinous tumors, but in 8%, the expression was 
only focal (≤ 10% of tumor cells). Expression in > 10% of 
tumor cells was present in only 6.4% of cases, and expres-
sion in > 50% of tumor cells in 0.8% of cases. However, if 
we stratified CK17 expression according to the subgroups of 
mucinous tumors (MBT, MC with expansile growth pattern, 
and MC with infiltrative growth pattern), the expression was 
highest in MC with infiltrative growth pattern (37.5% of any 
positivity, 25% in the range > 10–50% of cases, and 6.3% 
with expression in > 50% of tumor cells). This may reflect 
generally worse prognosis of MC with infiltrative invasion 
comparing to MC with expansile invasion. However, these 
results are limited as the total number of MC cases with 
infiltrative invasion was low (n = 16).

Concerning the expression of CK17 in other primary 
ovarian tumors, one study analyzed 104 cases (87 serous 
carcinomas and 17 “non-serous” carcinomas without further 
specification) and stratified CK17 expression based on the 
extent of expression and staining intensity into low and high 
categories [22]. High CK17 expression was found in 55.1% 
of serous carcinomas and 47.0% of the non-serous tumors. 
Other studies found CK17 expression in 11/15 (73.3%) ovar-
ian serous carcinomas, in 9/10 cases of MBT, and in 14.3% 
of 24 cases of ovarian “non-mucinous carcinoma” (without 
further specification) [4, 24, 25]. Our results show that CK17 

expression in the group of “non-mucinous” carcinomas is 
variable, with highest expression observed in LGSC (43% 
of cases) and low expression in HGSC (9.7% of cases), CCC 
(3.3% of cases), and EC (1.9%). However, with the excep-
tion of LGSC, higher levels of expression (> 10% of tumor 
cells) are generally rare and found in 5.8% of HGSC, 0.8% of 
CCC, and 0% of EC. Interestingly, CK17-positive cells have 
recently been described as one of the five major secretory 
cell subtypes found in normal Fallopian tube [52].

Finally, the limitations of our study need to be addressed. 
One limitation is related to the TMA approach, which, 
despite its wide use, bears the risk of underestimating or 
overestimating the scoring. However, due to the size of the 
cores we used and their duplication, this risk is relatively 
low. Another limitation is based on the fact that in the upper 
GIT tumors, the CK17 expression was assessed (with one 
exception) in primary tumors only, and as such, we cannot 
exclude the possibility that CK17 expression levels change 
in metastatic lesions. We compared the expression between 
primary and metastatic tumors in CRC, and the expression 
levels of CK17 were lower in metastases. Another limitation 
is related to the absence of an independent sample set. The 
results of our study, including the assessment of optimal cut-
off, require further confirmation by subsequent independent 
validation studies.

Conclusion

In conclusion, the results of our study suggest that CK17 
can be a useful adjunct marker in the differential diagnosis 
between primary ovarian mucinous tumors and metastases 
from the upper GIT. Based on the results of our study, we 
suggest adding of CK17 to the immunohistochemical panel 
used in this differential diagnosis, together with DPC4 and 
PAX8. However, the extent of CK17 expression should 
always be considered. The best discriminatory threshold 
based on the results of our study seems to be 4% (5% from a 
practical point of view) for the distinction between primary 
ovarian mucinous tumor and upper GIT metastases. How-
ever, this cut-off may be problematic for routine use and 
should be validated on an independent set for confirmation. 
Nevertheless, CK17 expression in > 50% of tumor cells was 
present only in 0.8% of primary ovarian mucinous tumors 
and in 27.4% of upper GIT tumors. If a tumor with diffuse 
CK17 expression is encountered in practice, the probability 
of primary ovarian mucinous tumor diagnosis is very low. 
CK17 expression, however, is not useful in the differential 
diagnosis between a primary ovarian mucinous neoplasm 
and a metastasis from CRC, as these tumors show a simi-
lar extent of positivity. Nevertheless, it can be used as an 
adjunct marker when differentiating between upper and 
lower GIT tumors.
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