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Abstract

Background: Cholangiocarcinoma (CCA) may arise in the intra- or extrahepatic biliary tract and is associated with a
poor prognosis. Despite recent advances, to date there is still no established targeted therapeutic approach available.
Non-surgical therapeutic agents are urgently needed, as most patients are non-eligible to surgical resection. Anti-PD-L1
therapy prevents cancer cells from evading the immune system and has emerged as a new treatment option in
several cancer entities. Recently, PD-L1 expression has been analyzed in comparably small CCA patient cohorts.
However, a systematic validation of different PD-L1 antibodies has not been performed in CCA so far.

Methods: We stained a tissue microarray consisting of 170 patients, including 72 intrahepatic cholangiocarcinomas
(iCCAs), 57 perihilar cholangiocarcinomas (pCCAs) and 41 distal cholangiocarcinomas (dCCAs) by
immunohistochemistry and evaluated PD-L1 positivity in tumor and stromal cells. We analyzed three different PD-L1
antibodies (clones 28-8, SP142, and SP263) that are frequently used and recommended for predictive diagnostic
testing in other cancer types.

Results: For PD-L1T antibody clone SP263, 5% of iCCAs, 4% of pCCAs and 3% of dCCAs exhibited PD-L1 expression on
tumor cells, thereby showing the highest frequencies of PD-L1 positivity. Accordingly, highest PD-L1 positivity rates of
stromal cells with 31% in iCCA, 40% in pCCA and 61% in dCCA were detected for clone SP263. Agreement of PD-L1
positivity in tumor cells was moderate for clone 28-8 and SP263 (k = 044) and poor between 28-8 and SP142 (k =0.13)
,as well as SP142 and SP263 (k = 0.11), respectively. Statistical analyses of PD-L1 expression (clone SP263) on tumor cells
with clinicopathological data revealed a positive correlation with shortened overall survival in CCA patients.

Conclusions: Selection of appropriate PD-L1 antibodies and careful evaluation of immunohistochemical staining patterns
have a significant impact on PD-L1 testing in CCA. Clinical trials are necessary to investigate the putative beneficial effects
of PD-L1 targeted immunotherapy in CCA patients.
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Background

Recently, a novel class of small molecules was developed
to inhibit the association of programmed cell death ligand
1 (PD-L1) with its receptor programmed cell death pro-
tein 1 (PD-1). PD-L1 is expressed on tumor cells and in-
teracts with PD-1 on cytotoxic T-cells, leading to reduced
T-cell function and thereby lower anti-tumor activity of
the host’s immune system [1]. Thus, PD-L1 inhibitors pre-
vent cancer cells from evading the immune system. These
agents have been found effective in melanoma [2-4],
non-small cell lung cancer [4—6], renal cell carcinoma [4,
7] and urothelial carcinoma [8], and were consequently
approved by the Food and Drug Administration for these
cancer types [9].

Standardized interpretation criteria for predictive PD-L1
testing are still matter of debate, and data of comprehen-
sive and well-characterized cohorts are not available for
rare cancer types [10], including cholangiocarcinoma
(CCA), which is a heterogeneous group of malignancies
that can emerge at any location in the biliary tree, from
the smallest intrahepatic bile ducts (Canaliculi biliferi) to
the distal choledochal duct. According to the anatomical
location, CCAs are subclassified into intrahepatic (iCCA),
perihilar (pCCA), and distal (dCCA) tumors [11]. Al-
though CCAs and biliary tract cancers have often been
treated as one tumor type in the past [12], it is nowadays
widely accepted that CCAs, and in particular intrahepatic
and extrahepatic subtypes display significant clinical, bio-
logical, and therefore therapeutically relevant differences,
leading to the consensus that all subtypes should be
regarded differentially [13, 14]. Clinical studies providing
adequate evidence on the efficacy of PD-L1 therapy in
CCA are not yet available. However, based on the success
in other cancer entities, these agents hold promise in the
therapy of CCA [15]. At present, one of the main chal-
lenges is to select patient subgroups that are likely to
benefit from anti-PD-L1 therapy. Therefore, upfront im-
munohistochemical staining with antibodies against
PD-L1 is recommended to differentiate responders
from non-responders [16]. Moreover, PD-L1 expres-
sion has been shown to correlate with a worse out-
come in a meta-analysis including various cancer
types and more than 16,000 patient samples, but
CCA was not included [17].

Regarding the existing studies, a comprehensive view
of PD-L1 expression in CCA including all subtypes and
correlation with clinicopathological data is not available
to date. Moreover, it has become evident that PD-L1
testing is highly dependent on usage of stringent evalu-
ation criteria and the selection of appropriate PD-L1
antibody clones [18].

In this study, we analyzed PD-L1 expression on tissue
samples of 170 CCA patients using tissue microarrays
(TMAs) to provide a solid database of PD-L1 expression
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in Western CCA and its subtypes. Additionally, we com-
pared the staining results of three different PD-L1 anti-
bodies and tested their level of agreement. Furthermore,
we correlated the results of the antibody with the high-
est positivity rates (clone SP263) with clinicopathological
variables including overall survival of CCA patients.

Methods

Cholangiocarcinoma cohort characteristics

Formalin-fixed and paraffin embedded (FFPE) specimens
resected from 1995 to 2010 at Heidelberg University
Hospital were extracted from the archive of the Institute
of Pathology, Heidelberg University, with the support of
the tissue bank of the National Center for Tumor Dis-
eases (NCT; project # 2116). Only resection cases were
included. None of the patients received radio- or chemo-
therapy prior to surgery. Diagnoses were made according
to the World Health Organization (WHO) classification
of Tumors of the Digestive System 2010. Tumors were
restaged according to the 8th UICC/AJCC TNM Classi-
fication Manual by two experienced pathologists. The
CCA cohort consisted only of adenocarcinomas, includ-
ing all histological variants. The cohort consisted of 170
patients including 72 iCCAs, 57 pCCAs, and 41 dCCAs.
Ampullary tumors were not included in this study, as
they are often of intestinal histologic differentiation, and
represent a different tumor entity both, clinically and
biologically. Survival data was available for 141 patients.
Detailed clinicopathological data is displayed in Table 1.

Tissue microarray construction

From all 170 CCA FFPE tissue blocks, 3 um sections
were cut and stained with H&E. Representative areas
were marked by two experienced pathologists (BG and
SS). In each case, tumor tissue cores (1.0 mm diameter)
from the selected representative tumor areas were
punched out of the sample tissue blocks and embedded
into a new paraffin array block using a tissue microar-
rayer  (Beecher  Instruments, Woodland, CA,
USA). On-slide control tissues (tonsil and gallbladder)
were used.

PD-L1 immunohistochemistry

PD-L1 expression analysis was performed using three
different antibodies against PD-L1 (clone 28—8 (Abcam
plc, Cambridge, UK), clone SP142 (Linaris GmbH, Dos-
senheim, Germany), and clone SP263 (Roche AG, Rotk-
reuz, Switzerland)). In brief, 3 um sections of the TMA
were deparaffinized, pre-treated with an antigen retrieval
buffer (Tris/Borat/EDTA, pH 8.4; Ventana, Roche) and
stained using an automated device (Ventana Benchmark
Ultra, Roche). Dilutions were as follows: 1:100 for anti-
body 28-8, 1:25 for antibody SP142, and a ready-to-use
kit for antibody SP263. Tumor cells and surrounding
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Table 1 Clinicopathological characteristics of the cholangiocarcinoma cohort

All cases PD-L1 (< 1%) PD-L1 (=1%) p-value

Number (%) 170 (100) 151 (89) 19 (11)

Age Range (years) 31-91 31-91 34-78 0.886 *
Median (years) 63 63 66
<Median (total) 85 (50) 76 (45) 9(5) 1.000 **
>Median (total) 85 (50) 75 (44) 10 (6)

Sex male 109 (64) 94 (55) 159 0.206 **
female 61 (36) 57 (34) 402

CCA subgroups iCCA 72 (42) 64 (38) 8 (5) 0.967 ***
pCCA 57 (34) 51 (30 6 (4)
dCCA 41 (24 36 (21) 50)

UICC stage” UICC 1 6 (4) 6 (4) 0(0) 0481 ***
UicC 2 62 (36) 56 (33) 6 (4)
ulcC 3 45 (26) 37 (22) 8 (5)
uICC 4 16 (9) 14 (8) 21
NA 41 (24) 38 (22) 32

pT T 21 (12) 19 (11) 2(1) 0.183 ***
™ 91 (54) 83 (49) 8 (5)
T3 44 (26) 39 (23) 50)
T4 14 (8) 10 (6) 4(2)

pN NO 53 (31) 49 (29) 42 0.267 **
N1 72 (42) 61 (36) 11(6)
NX 45 (26) 41 (24) 4(2)

M MO 153 (90) 136 (80) 17 (10) 1.000 **
M1 16 (9) 15 (9) 1T
NA 1(1) 0(0) Q)

G G1 8 (5) 6 (4) 2(M) 0.135 ***
G2 121 (71) 111 (65) 10 (6)
G3 41 (24) 34 (20) 7 4)

L Lo 86 (51) 78 (46) 8 (5) 0474 **
L1 84 (49) 73 (43) 11(6)

\% VO 125 (74) 111 (65) 14 (8) 1.000 **
V1 45 (26) 40 (24) 5(3)

Pn PnO 97 (57) 87 (51) 10 (6) 0.807 **
Pn1 73 (43) 64 (38) 95

R RO 76 (45) 63 (37) 13 (8) 0.109 ***
R1 56 (33) 53 (31) 302
R2 12.(7) 11 (6) 1(1)
Rx 26 (15) 24 (14) 2

* Mann-Whitney U-test; ** Fisher's exact test; *** Chi-square test
# Cases with pNX had no lymph nodes resected, therefore, UICC status could not be assessed
iCCA intrahepatic cholangiocarcinoma, pCCA perihilar cholangiocarcinoma, dCCA distal cholangiocarcinoma, NA not available

tumor stroma, including inflammatory infiltrates, were = immunohistochemical evaluation of PD-L1, any positiv-
scored separately. The number of cells showing mem- ity was defined as >1% of positive cells having at least
branous staining was evaluated in percentage. According  weak membranous staining [10]. Tumor cells with pure
to the German consensus recommendations for cytoplasmic staining were scored negatively. Figures
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were created using Inkscape (v.0.91, Free Software Foun-
dation, Inc., Boston, USA) and R (www.r-project.org,
v.3.2.5, Free Software Foundation).

Statistical analyses

Equally distributed continuous variables were analyzed
by Student’s t-test and unequally distributed variables by
Wilcoxon-Mann-Whitney test. Distribution data were
analyzed by Fisher’s exact test or x2, where appropriate.
Cohen’s statistic was performed to test for agreement.
k-values from 0.00 to 0.20 were considered as slight
agreement, from 0.21 to 0.40 fair agreement, from 0.41
to 0.60 moderate agreement, from 0.61 to 0.80 substan-
tial agreement and from 0.81 to 1.00 almost perfect
agreement. OS was analyzed using the Kaplan—Meier
method, with a log-rank test to test for significance. All
tests were performed in R programming language and
R-Studio (v.0.98.507, Affero General Public License,
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Boston, USA). Plots were created by R-packages: ggplot2
(v. 2.1.0), and survival (v.2.37-7). P-values <0.05 were
considered significant.

Results

PD-L1 immunohistochemistry in the cholangiocarcinoma
cohort using three different antibodies

The complete CCA cohort (n =170) was analyzed
three-times independently by PD-L1 immunohistochem-
istry employing three different PD-L1 antibodies (28-8,
SP142 and SP263, Fig. 1). Due to floating or rolling of
tissue cores, all three PD-L1 antibody clones could be
evaluated in all but one CCA patient (169 out of 170,
drop-out rate: < 1%). All three different CCA subtypes, i.
e. iCCA, pCCA and dCCA were analyzed separately.
PD-L1 antibody displaying the highest positivity rate in
CCA was clone SP263 (19/170, 11%, see Table 2). De-
tailed staining results of clone SP263, including CCA
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Fig. 1 Examples of PD-L1 staining in a representative intrahepatic cholangiocarcinoma. The different staining characteristics of PD-L1 clones 28-8,
SP142 and SP263 are displayed. In the first row, tumor cells show membranous positivity of few tumor cells with antibody clones 28-8 (a) and
SP263 (c), but not with clone SP142 (b). In the second row, stromal inflammatory cells show membranous PD-L1 expression with all three

antibody clones (d-f), while tumor cells are negative. In the third row, all samples are negative, both in tumor and stromal cells, and with all three
PD-L1 antibodies (g-i). Original magnification: 200x, PD-L1 positive tumor cells are highlighted by black arrows, PD-L1 positive stromal cells are

Cc

SP142 |

sP142|

- SP263



http://www.r-project.org

Kriegsmann et al. BMC Cancer (2019) 19:72

subtype specific evaluation and separated results for
tumor and stromal cells, are summarized in Table 2. Gen-
erally, more cases showed PD-L1 positivity in stroma than
in tumor cells (p < 0.01). On-slide control tissues exhibited
the following staining pattern: crypt epithelium of tonsils
showed strong membranous immunoreactivity and
immune cells in germinal centers were weakly positive, as
expected; gallbladder epithelium was negative and occa-
sionally immune cells in stromal tissue were positive
(Additional file 1: Figure S1).

PD-L1 immunohistochemistry in the cholangiocarcinoma
cohort and agreement between different PD-L1
antibodies

To test whether the PD-L1 antibodies 28-8, SP142 and
SP263 showed similar staining characteristics, agreement
between all three clones in tumor and stroma cells was
determined. Whereas clone 28—8 and SP263 were positive
in a similar number of tumor samples (8 (5%) in iCCA, 6
(4%) in pCCA and 5 (3%) in dCCA), SP142 exhibited tu-
moral positivity in only two cases. Interestingly, agreement
between 28-8 and SP263 in tumor cells was only moderate
(x =0.44), although the amount of positive tumor samples
was similar (11% each). Agreement of SP142 and the other
two clones was rather poor (k =0.13 [28-8] and x =0.11
[SP263]). Overall agreement of the three PD-L1 clones in
tumor cells was fair (k = 0.25).

In stroma cells, clones 28-8, SP142 and SP263 were
positive in 31, 40 and 61% of cases, respectively. Agree-
ment between the three clones ranged from fair to sub-
stantial (x =0.37 to k =0.70). A summary for agreement
values is provided in Table 3.

PD-L1 status in correlation with clinicopathological data
of the cholangiocarcinoma cohort

Correlation analyses with clinicopathological data includ-
ing patient survival were conducted based on the staining
results of the antibody with the highest rate of positivity
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(clone SP263). Overall survival data and PD-L1 staining
was available for 141 patients. Testing different cut-offs of
PD-L1 expression in association with patient survival
showed differences by trend in none vs any PD-L1 expres-
sion, and even more significant results using the cut-off of
>5% PD-Ll-positive tumor cells, while all other
pre-selected cut-offs were not statistically significant
(Additional file 2: Table S1). PD-L1 expression in >5% of
tumor cells was associated with shortened patient overall
survival p < 0.001), whereas stromal PD-L1 expression
was not associated with any difference in patient survival
(p = 0.89) (Fig. 2). Stratification of clinicopathological vari-
ables using this cut-off is displayed in detail in Table 1.
CCA subtype specific analysis for PD-L1 expression in as-
sociation with patient survival showed decreased overall
survival rates in iCCA patients with PD-L1 positivity in >
5% of tumor cells (p = 0.02, Fig. 3b) and decreased overall
survival rates by trend in pCCA patients with PD-L1 posi-
tivity in > 5% of tumor cells (p = 0.06, Fig. 3d). PD-L1 ex-
pression in stroma cells was not associated with
differences in survival of CCA patients. Correlation of
PD-L1 status with all other clinicopathological data
showed no significant association.

Discussion

PD-L1 inhibitors have emerged as a novel and highly ef-
fective treatment option in a subset of cancer patients.
Recent data suggests, that PD-L1 testing by immunohis-
tochemistry prior to immunotherapy may be used to se-
lect patients who will most likely respond to therapy
with PD-L1 inhibitors [19, 20] and has therefore been
approved as companion diagnostic tests for therapeutic
anti-PD-1 antibodies in lung, kidney and urothelial car-
cinoma, as well as in malignant melanoma [6-8, 20]. As
many aspects of PD-L1 testing in association with CCA
have not been addressed systematically so far, we con-
ducted this study i) to evaluate the expression levels of
PD-L1 in CCA ii) to compare three different and

Table 2 PD-L1 expression in cholangiocarcinoma subtypes (tumor and stromal cells; PD-L1 antibody clone: SP263)

Tumor subgroups Tumor Stroma
Positive Negative Positive Negative

iCCA,n=72

n (%) 8(11) 64 (89) 22 (31 50 (69)

% cells, median (range) 15 (5-30) na. 5 (1-40) na.
pCCA, n =57

n (%) 6 (11) 51 (89) 23 (40) 34 (60)

% cells, median (range) 10 (5-80) na. 5 (2-30) na.
dCCA, n =41

n (%) 5(12) 36 (88) 25 (61) 16 (39)

% cells, median (range) 10 (5-30) na. 5(1-30) na.

iCCA intrahepatic cholangiocarcinoma, pCCA perihilar cholangiocarcinoma, dCCA distal cholangiocarcinoma, n.a. not applicable
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Table 3 PD-L1 agreement in tumor and stromal cells of the cholangiocarcinoma cohort
Tumor
- k-value
Anti-PD-L1 clone  n, (%) 28-8vs SP142  SP142 vs SP263 28-8 vs SP263 Al
28-8, n=169
positive 18 (11)
SP142 n=169* 0.13 (<0.01)
0.44 ,
positive 2 (1) (<0.01) 0.25 (<0.01)
SP263, n=169* 0.11 (=0.01)
positive 19 (11)
Stroma
; K-value
Anti-PD-L1 clone  n, (%) 28-8vs SP142  SP142 vs SP263 28-8 vs SP263 Al
28-8, n=169*
positive 34 (20)
SP142 n=169* 0.70(n.a.)
0.45 0.47 (n.a.)
positive 27 (16) (=0.01) ! -
SP263, n=169* 0.37 (<0.01)
positive 70 (41)

*One CCA sample could not be evaluated for all three antibody clones due to technical reasons
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Fig. 3 PD-L1 status in correlation with patient overall survival in cholangiocarcinoma subtypes. PD-L1 immunohistochemistry (clone SP263) results are
correlated with overall survival of CCA patients, stratified by CCA subtypes. In intrahepatic CCA (iCCA), Kaplan-Meier curves show no significant overall
patient survival difference in correlation with none vs any PD-L1 positivity in tumor cells (a), while significant decreased overall survival rates are seen
in iCCA patients with PD-L1 positivity in > 5% of tumor cells (p = 0.024); (b)). In perihilar CCA (pCCA), Kaplan-Meier curves show no significant overall
patient survival difference in correlation with none vs any PD-L1 positivity in tumor cells (c), while by trend decreased overall survival rates are in pCCA
patients with PD-L1 positivity in > 5% of tumor cells (p = 0.060; (d)). PD-L1 positivity in distal CCA (dCCA) has no impact on overall patient survival in
none vs any (e) or testing the cut-off of 5% (f)

commonly used antibodies against PD-L1 (clones 28-8,
SP142 and SP263) and iii) to correlate PD-L1 expression
levels with clinicopathological data, including overall
survival.

A summary of the previous studies on PD-L1 expres-
sion in CCA that are PubMed-listed is highlighted in
Table 4. The results obtained in these studies are highly
heterogeneous, ranging from 4 -100% PD-L1 positive
cases in iCCA, and 8 - 43% PD-L1 positive cases in extra-
hepatic CCA, including pCCA and dCCA. To date, the
largest single investigation comprises tissue samples of 99
CCA patients [21]. While earlier studies reported rela-
tively high positivity rates, newer investigations could not

confirm these high PD-L1 positivity rates in CCA. In our
study, a total of 170 cancer samples, including 72 iCCAs,
57 pCCAs and 41 dCCAs were analyzed using a
systematic tissue microarray approach. In agreement with
the studies from 2017, we here report PD-L1 positivity in
CCA tumor cells in 5%, 4%, and 3% of iCCA, pCCA and
dCCA, respectively, which is in line with the study of Sato
et al. and among the lowest rates published to date. We
hypothesize that the low rate of positive cases may be due
to the different anti-PD-L1 clones and evaluation proce-
dures used in the other studies. Furthermore, a smaller
histological tumor area as a consequence of the usage of
TMA could have contributed to the comparably low
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Table 4 Meta-analysis of PubMed listed studies about PD-L1 immunohistochemistry in cholangiocarcinoma

Study n= Subtype PD-L1 Inflammatory cells, n/ Tumor cells, n/n  Cut-off Evaluation criteria
clone n (%) (%)
Ye et al, 2009 31 iCCA 28-8 na. 1/31 (100) H-score®, no cut-off described  cytoplasmatic +
membranous
Gani et al, 2016 54 iCCA 5H1 31/54 (57) 39/54 (72) % positive cells (> 5%) membranous
Sabbatino et al, 2016 27 iCCA 22C3 27/27 (100) 8/27 (30) H-score® (> 25) membranous
Sato et al, 2017 68 iCCA, 28-8 n.a. 1/23 (4) % positive cells (<5, >5, > n.a.
eCCA 4/45 (8) 10%)
Ma et al, 2017 70 eCCA EPR1161  37/70 (53) 30/70 (43) Immunohistochemical Score*:  cytoplasmatic +
>3 membranous
Fontugne et al, 2017 99 iCCA, ET1L3N 31/58 (53) 5/58 (9) Strong staining in > 5% of membranous
pCCA 15/41 (37) 4/41 (9) tumor cells
Sangkhamanon et al, 46 na. 5H1 na. 32/46 (70) > 1% positive tumor cells membranous
2017
Walter et al,, 2017 69 pCCA ET1L3N 12/40 (30) 4/40 (10) H-score?® (> 3) membranous
dCCA 9/29 (31) 4/29 (14)

dCCA distal cholangiocarcinoma, eCCA extrahepatic cholangiocarcinoma, iCCA intrahepatic cholangiocarcinoma, pCCA perihilar cholangiocarcinoma.®
Immunohistochemical scoring system: percentage of cells with weak staining x 1+ percentage of cells with moderate staining x 2 + percentage of cells with
strong staining x 3 = H-Score *Immunohistochemical scoring system: Stained cells (0:< 5%,1:5-25%, 2:26-50%,3:> 50%) x intensity (1+, 2+, 3+), n.a., not available

PD-L1 positivity rate in this study. We employed TMAs
in order to standardize the staining procedure as much as
possible among all cases. Inherent to the use of TMAs,
there is always a possible selection bias, as it is not entirely
clear if the extracted cancer regions are representative of
the whole tumor for each given test. In this regard, it is es-
pecially important to note that PD-L1 is often only focally
positive and that a positive staining has been described to
be more likely at the invasion front of the tumor [22]. We
tried to avoid this shortcoming by punching >4 cores of
different tumor sites of each CCA to assure the best pos-
sible representation for each tumor. However, a bias
resulting from the usage of TMAs cannot entirely be
excluded.

The differences in the percentage of positive samples
can potentially be explained by the usage of different
PD-L1 clones among the studies mentioned. The impact
of using different PD-L1 clones is underlined by a recent
study from the ,Blueprint PD-L1 IHC Assay Compari-
son Project”, which demonstrated that the clones 28-8,
22C3 and SP263 show a similar proportion of positive
tumor cells, whereas SP142 stains a lower proportion of
tumor cells [10, 23]. In this study, we could confirm
these findings for CCA, as with the clone SP142 only
two cases were positive, while using the clones 28—8 and
SP263, 18, respectively, 19 tumors were positive. While
the results obtained with clone 28—-8 and SP263 showed
moderate agreement (x =0.44, p <0.01), the agreement
of 28—8 with SP142, and of 28—8 with SP263 were rather
poor (x =0.13 and x =0.11, p <0.01). However, this re-
sult could be partly caused by heterogeneity of PD-L1
expression which cannot be accounted for by the use
of TMAs in this study. Moreover, due to the fact that in
most of the reported studies, clones were used that were

not included in our PD-L1 antibody panel, it is difficult
to compare the given results. Furthermore, the PD-L1
antibody clones used in most of the reported studies
were also not included in a current German PD-L1
harmonization study and are therefore not currently ad-
vised for routine use in Germany [10]. Nevertheless,
other antibody clones should be tested in order to find
the appropriate clone(s) to reliably detect patients that
will benefit from anti-PD-L1 therapy.

Up to now, it has generally been accepted in immuno-
histochemical PD-L1 testing that only membranous and
not cytoplasmic staining should be considered [10]. Of
the previous studies on PD-L1 testing in CCA (Table 4),
only five studies restricted their evaluation on membran-
ous staining of the tumor cells, and in one investigation
no comment about the mode of evaluation was made
[21, 22, 24-28]. Thus, the results obtained by Ye et al.
and Ma et al. cannot be compared to the other studies,
including our own. It is also currently recommended to
score only the proportion of positive cells, regardless of
their intensity, as it became evident that this represents
the only relevant parameter for predicting response to
anti-PD-L1 therapy [10]. Interestingly, the amount of
positive tumor cells seems to correlate with response to
therapy in other cancer types [19, 29]. Some authors use
the H-score, which consists of multiplication of intensity
and percentage of positive cells. This approach is debat-
able, as the H-score is probably not an ideal scoring sys-
tem for PD-L1 positivity. For example, >25% cells
stained with low intensity and > 9% of cells stained with
strong intensity would classify for overall positivity based
on the H-score. Compared to many clinical trials which
require only >1% of tumor cells to have membranous
staining for positivity, the H-score defines a comparably
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high cut-off. Regardless, the immunohistochemical
scores that include staining intensity have been applied
in a substantial number of studies of our meta-analysis
in Table 4. As we set our cut-off to 21% positive tumor
cells, one would expect the percentage of positive cases
in our study to be higher than in the other three investi-
gations. However, we could not detect membranous
PD-L1 positivity on tumor cells in the majority of CCA
samples. Various clinicopathological variables have been
associated with PD-L1 positivity, including venous inva-
sion [25], nodal metastases [26], high tumor grade [25]
and high clinical stage [28]. However, we could not con-
firm these findings in this study by correlating PD-L1
status with clinicopathological data of our CCA patients.
In a recent meta-analysis involving more than 16,000
patients from 97 eligible studies on solid tumors, it was
shown that PD-L1 expression assessed by immunohisto-
chemistry significantly correlated with decreased over-
all and disease-free survival rates of patients [17]. This
could be due to the fact that high PD-L1 levels have
been shown to reduce T-cell function and to weaken the
host’s immune response against the tumor [1]. In this re-
gard, previous studies demonstrated the association of
high PD-L1 expression and decreased survival rates also
in CCA [22, 24, 26]. However, other investigators could
not confirm this finding [25, 28]. Our data corrobates
the findings of PD-L1 associated decreased overall sur-
vival in CCA patients. Additionally, using a PD-L1 ex-
pression cut-off of >5% tumor cells, PD-L1 expression
displays some prognostic stratification power in CCA
patients (p < 0.001; Fig. 2b). Notably, prognostic signifi-
cance was only detected using the cut-off of 5% of
PD-L1 positive tumor cells. Whether PD-L1 positive
CCAs show better response to anti-PD-L1 treatment
and whether one clone is superior to reliably identify
these patients is not clear based on the available data.
This question should be addressed in future clinical tri-
als. We did not detect a prognostic impact of PD-L1
positive stromal cells. However, detailed characterization
of PD-L1 positive stromal cells merit future investiga-
tions. In addition, the question of whether specific stro-
mal cells may predict the response to novel therapeutic
approaches represents an interesting task for future
functional studies of the stromal compartment in CCA.

Conclusions

Here, we report in a large and well-characterized cohort
of non-liver fluke associated CCAs that the frequency of
PD-L1 positive CCAs is low, employing stringent immu-
nohistochemical PD-L1 testing guidelines. Apart from an
association of decreased overall survival in patients with
PD-L1 positive tumors, no significant association of
PD-L1 status with any other clinicopathological variable
of CCA patients was detected. Additionally, we showed
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that the selection of appropriate PD-L1 antibodies and
careful evaluation of immunohistochemical staining pat-
terns have a great impact on PD-L1 testing in CCA. We
hope that our study paves the way for clinical trials that
are clearly required to investigate the effects of PD-L1 tar-
geted immunotherapy in CCA patients.

Additional files

Additional file 1: Figure S1. Example of a typical staining pattern of
on-slide control tissues (PD-L1, SP263). Tonsillary crypt epithelium showed
strong membranous immunoreactivity (black triangle), while immune
cells in germinal centers were weakly positive (black arrow, A). Gallblad-
der epithelium (black triangle) was negative but occasionally few immune
cells were positive (black arrow, B). (PPTX 2692 kb)

Additional file 2: Table S1. Clinicopathological characteristics of the
CCA cohort and comparison of patients with PD-L1 positive tumor cells
in <5% or > 5%. A detailed overview on the clinicopathological character-
istics of CCA exhibiting <5% or > 5% PD-L1 positive tumor cells is given.
(XLSX 11 kb)

Abbreviations

CCA: Cholangiocarcinoma; dCCA: Distal cholangiocarcinoma;

iCCA: Intrahepatic cholangiocarcinoma; NCT: National Center for Tumor
Diseases; pCCA: Perihilar cholangiocarcinoma; PD-L1: Programmed cell death
ligand 1; TMA: Tissue microarray; WHO: World Health Organization

Acknowledgements

We would like to thank Veronika Geissler, Christiane Zgorzelski and John
Moyers for excellent technical assistance. Samples were provided by the
tissue bank of the National Center for Tumor Diseases (NCT, Heidelberg,
Germany) in accordance with the regulations of the tissue bank and the
approval of the ethics committee of Heidelberg University. This manuscript
was supported by the Eurostars-2 Programme, the German Aerospace Center
(DLR), and the Federal Ministry of Education and Research (BMBF).

Funding
None.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions

MK and BG designed the study, evaluated immunohistochemical stainings
and drafted the manuscript. SR, KK and MK performed statistical analyses. TA,
SS, AM provided tissue specimen. MNV, AP, BK, CS, CR and KHW provided
clinical data. MR, RL and ML provided important intellectual content. All
authors reviewed the manuscript and approved the final version.

Ethics approval and consent to participate

Tissues were used in accordance with the ethical regulations of the NCT
tissue bank established by the local ethics committee (S-207/2015). Ethics
approval, written and verbal consent to participate has been given by all
participants.

Consent for publication
Consent for publication has been obtained (NCT; project # 2116 and S-207/
2015).

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s12885-018-5254-0
https://doi.org/10.1186/s12885-018-5254-0

Kriegsmann et al. BMC Cancer (2019) 19:72

Author details

'Institute of Pathology, University Heidelberg, Im Neuenheimer Feld 224,
Heidelberg, Germany. Department of Rheumatology, Oncology and
Hematology, University of Heidelberg, Heidelberg, Germany. *Department of
General Visceral and Transplantation Surgery, University Hospital Heidelberg,
Im Neuenheimer Feld 110, Heidelberg, Germany. “Diagnostic and
Interventional Radiology, Thoraxklinik at University Hospital of Heidelberg,
Heidelberg, Germany. *Department of Internal Medicine IV, Gastroenterology
and Hepatology, University Hospital Heidelberg, Im Neuenheimer Feld 410,
Heidelberg, Germany. °Department of Medical Oncology, University Hospital
Heidelberg, National Center for Tumor Diseases, Heidelberg, Germany. ’Liver
Cancer Center Heidelberg (LCCH), Heidelberg, Germany.

Received: 13 June 2018 Accepted: 26 December 2018
Published online: 15 January 2019

References

1. Ma W, Gilligan BM, Yuan J, Li T. Current status and perspectives in
translational biomarker research for PD-1/PD-L1 immune checkpoint
blockade therapy. J Hematol Oncol. 2016;9(1):47.

2. Daud Al, Wolchok JD, Robert C, Hwu WJ, Weber JS, Ribas A, Hodi FS, Joshua
AM, Kefford R, Hersey P, et al. Programmed death-ligand 1 expression and
response to the anti-programmed death 1 antibody Pembrolizumab in
melanoma. J Clin Oncol. 2016;34(34):4102-9.

3. Franklin C, Livingstone E, Roesch A, Schilling B, Schadendorf D.
Immunotherapy in melanoma: recent advances and future directions. Eur J
Surg Oncol. 2017;43(3):604-11.

4. Yang Y, Pang Z Ding N, Dong W, Ma W, Li Y, Du J, Liu Q. The efficacy
and potential predictive factors of PD-1/PD-L1 blockades in epithelial
carcinoma patients: a systematic review and meta analysis. Oncotarget.
2016;7(45):74350-61.

5. Shukuya T, Mori K, Amann JM, Bertino EM, Otterson GA, Shields PG,
Morita S, Carbone DP. Relationship between overall survival and
response or progression-free survival in advanced non-small cell lung
Cancer patients treated with anti-PD-1/PD-L1 antibodies. J Thorac
Oncol. 2016;11(11):1927-39.

6. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi T, Fulop A, Gottfried
M, Peled N, Tafreshi A, Cuffe S, et al. Pembrolizumab versus chemotherapy
for PD-L1-positive non-small-cell lung Cancer. N Engl J Med. 2016;375(19):
1823-33.

7. Beckermann KE, Johnson DB, Sosman JA. PD-1/PD-L1 blockade in renal cell
cancer. Expert Rev Clin Immunol. 2017;13(1):77-84.

8. Donin NM, Lenis AT, Holden S, Drakaki A, Pantuck A, Belldegrun A, Chamie
K. Immunotherapy for the treatment of urothelial carcinoma. J Urol. 2017,
197(1):14-22.

9. Gandini S, Massi D, Mandala M. PD-L1 expression in cancer patients

receiving anti PD-1/PD-L1 antibodies: a systematic review and meta-analysis.

Crit Rev Oncol Hematol. 2016;100:88-98.

10.  Scheel AH, Dietel M, Heukamp LC, Johrens K, Kirchner T, Reu S, Ruschoff J,
Schildhaus HU, Schirmacher P, Tiemann M, et al. Predictive PD-L1
immunohistochemistry for non-small cell lung cancer : current state of the
art and experiences of the first German harmonization study. Pathologe.
2016;37(6):557-67.

11. Banales JM, Cardinale V, Carpino G, Marzioni M, Andersen JB, Invernizzi
P, Lind GE, Folseraas T, Forbes SJ, Fouassier L, et al. Expert consensus
document: cholangiocarcinoma: current knowledge and future
perspectives consensus statement from the European network for the
study of cholangiocarcinoma (ENS-CCA). Nat Rev Gastroenterol Hepatol.
2016;13(5):261-80.

12. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, Maraveyas A,
Madhusudan S, Iveson T, Hughes S, Pereira SP, et al. Cisplatin plus
gemcitabine versus gemcitabine for biliary tract cancer. N Engl J Med. 2010;
362(14):1273-81.

13. Razumilava N, Gores GJ. Building a staircase to precision medicine for biliary
tract cancer. Nat Genet. 2015;47(9):.967-8.

14. Rizvi S, Gores GJ. Emerging molecular therapeutic targets for
cholangiocarcinoma. J Hepatol. 2017;67(3):632-44.

15. Czink E, Kloor M, Goeppert B, Frohling S, Uhrig S, Weber TF, Meinel J, Sutter
C, Weiss KH, Schirmacher P, et al. Successful immune checkpoint blockade
in a patient with advanced stage microsatellite-unstable biliary tract cancer.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Page 10 of 10

Cold Spring Harb Mol Case Stud. 2017;3(5). https.//www.ncbi.nlm.nih.gov/
pmc/articles/PMC5593153/

Sznol M, Chen L. Antagonist antibodies to PD-1 and B7-H1 (PD-L1) in the
treatment of advanced human cancer. Clin Cancer Res. 2013;19(5):1021-34.
Pyo JS, Kang G, Kim JY. Prognostic role of PD-L1 in malignant solid tumors:
a meta-analysis. Int J Biol Markers. 2017;32(1):e68-74.

Hofman P, llie M, Lassalle S, Long E, Bence C, Butori C, Hofman V. PD1/PD-
L1 immunohistochemistry in thoracic oncology: where are we? Ann Pathol.
2017;37(1):39-45.

Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder JP, Patnaik A,
Aggarwal C, Gubens M, Horn L, et al. Pembrolizumab for the treatment of
non-small-cell lung cancer. N Engl J Med. 2015;372(21):2018-28.

Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD,
Schadendorf D, Dummer R, Smylie M, Rutkowski P, et al. Combined
Nivolumab and Ipilimumab or monotherapy in untreated melanoma. N
Engl J Med. 2015;373(1):23-34.

Fontugne J, Augustin J, Pujals A, Compagnon P, Rousseau B, Luciani A,
Tournigand C, Cherqui D, Azoulay D, Pawlotsky JM, et al. PD-L1
expression in perihilar and intrahepatic cholangiocarcinoma. Oncotarget.
2017,8(15):24644-51.

Gani F, Nagarajan N, Kim Y, Zhu Q, Luan L, Bhaijjee F, Anders RA, Pawlik TM.
Program death 1 immune checkpoint and tumor microenvironment:
implications for patients with intrahepatic cholangiocarcinoma. Ann Surg
Oncol. 2016,23(8):2610-7.

Hirsch FR, McElhinny A, Stanforth D, Ranger-Moore J, Jansson M,
Kulangara K, Richardson W, Towne P, Hanks D, Vennapusa B, et al. PD-
L1 immunohistochemistry assays for lung Cancer: results from phase 1
of the blueprint PD-L1 IHC assay comparison project. J Thorac Oncol.
2017;12(2):208-22.

Sabbatino F, Villani V, Yearley JH, Deshpande V, Cai L, Konstantinidis IT,
Moon C, Nota S, Wang Y, Al-Sukaini A, et al. PD-L1 and HLA class | antigen
expression and clinical course of the disease in intrahepatic
cholangiocarcinoma. Clin Cancer Res. 2016;22(2):470-8.

Walter D, Herrmann E, Schnitzbauer AA, Zeuzem S, Hansmann ML, Peveling-
Oberhag J, Hartmann S. PD-L1 expression in extrahepatic
cholangiocarcinoma. Histopathology. 2017;71(3):383-92.

Ma K, Wei X, Dong D, Wu Y, Geng Q, Li E. PD-L1 and PD-1 expression
correlate with prognosis in extrahepatic cholangiocarcinoma. Oncol Lett.
2017;14(1):250-6.

Sato Y, Kinoshita M, Takemura S, Tanaka S, Hamano G, Nakamori S, Fujikawa
M, Sugawara Y, Yamamoto T, Arimoto A, et al. The PD-1/PD-L1 axis may be
aberrantly activated in occupational cholangiocarcinoma. Pathol Int. 2017;
67(3):163-70.

Sangkhamanon S, Jongpairat P, Sookprasert A, Wirasorn K, Titapun A,
Pugkhem A, Ungareevittaya P, Chindaprasirt J. Programmed death-ligand 1
(PD-L1) expression associated with a high neutrophil/lymphocyte ratio in
cholangiocarcinoma. Asian Pac J Cancer Prev. 2017;18(6):1671-4.

Herbst RS, Baas P, Kim DW, Felip E, Perez-Gracia JL, Han JY, Molina J, Kim JH,
Arvis CD, Ahn MJ, et al. Pembrolizumab versus docetaxel for previously
treated, PD-L1-positive, advanced non-small-cell lung cancer (KEYNOTE-010):
a randomised controlled trial. Lancet. 2016;387(10027):1540-50.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5593153/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5593153/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Cholangiocarcinoma cohort characteristics
	Tissue microarray construction
	PD-L1 immunohistochemistry
	Statistical analyses

	Results
	PD-L1 immunohistochemistry in the cholangiocarcinoma cohort using three different antibodies
	PD-L1 immunohistochemistry in the cholangiocarcinoma cohort and agreement between different PD-L1 antibodies
	PD-L1 status in correlation with clinicopathological data of the cholangiocarcinoma cohort

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

