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Abstract The aim of our study was to evaluate the quality of
histo- and cytomorphological features of PAXgene-fixed
specimens and their suitability for histomorphological

classification in comparison to standard formalin fixation.
Fifteen colon cancer tissues were collected, divided into two
mirrored samples and either formalin fixed (FFPE) or
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PAXgene fixed (PFPE) before paraffin embedding. HE- and
PAS-stained sections were scanned and evaluated in a blinded,
randomised ring trial by 20 pathologists from Europe and the
USA using virtual microscopy. The pathologists evaluated
histological grading, histological subtype, presence of adeno-
ma, presence of lymphovascular invasion, quality of
histomorphology and quality of nuclear features. Statistical
analysis revealed that the reproducibility with regard to grad-
ing between both fixation methods was rather satisfactory
(weighted kappa statistic (kw)=0.73 (95 % confidence interval
(CI), 0.41–0.94)), with a higher agreement between the refer-
ence evaluation and the PFPE samples (kw=0.86 (95 % CI,
0.67–1.00)). Independent from preservation method, inter-
observer reproducibility was not completely satisfactory
(kw=0.60). Histomorphological quality parameters were
scored equal or better for PFPE than for FFPE samples. For
example, overall quality and nuclear features, especially the
detection of mitosis, were judged significantly better for PFPE
cases. By contrast, significant retraction artefacts were ob-
served more frequently in PFPE samples. In conclusion, our
findings suggest that the PAXgene Tissue System leads to
excellent preservation of histomorphology and nuclear fea-
tures of colon cancer tissue and allows routine morphological
diagnosis.

Keywords Histomorphology .Molecular diagnostic . Colon
cancer . Tissue preservation . Formalin free . Reproducibility

Introduction

In routine clinical practice, the gold standard for
histomorphological analysis is formalin-fixed, paraffin-
embedded (FFPE) tissues. However, there are two major
reasons why formalin is not the ideal preservation method.
First, it is recognised that the cross-linking property of form-
aldehyde is problematic for many downstream molecular
analyses and second, the carcinogenic capacity of formalde-
hyde holds a serious environmental risk [3, 21]. An alternative
are cryopreserved tissue specimens which offer the possibility
for sophisticated molecular analysis, but the histomorphology
is less well preserved and handling during clinical procedures
is more complicated. Thus, there is a need for novel fixation
solutions which allow both high-quality molecular and histo-
pathological analyses.

Within the large-scale European project Standardisation
and Improvement of Generic Pre-analytical Tools and
Procedures for In Vitro Diagnostics (SPIDIA) and other re-
search projects, it has previously been shown that the novel
formalin-free fixation technology PAXgene Tissue System
simultaneously preserves tissue morphology and antigenicity
as well as nucleic acids, proteins and phosphoproteins in
clinical tissue samples [8, 10, 11, 17, 23, 26, 28]. Compared

with formalin the PAXgene Tissue System is a non-cross-
linking, non-carcinogenic, mixture of different alcohols, acid
and a soluble organic compound that rapidly preserves mor-
phology as well as all biomolecules. In order to improve
acceptance in routine clinical applications, especially for his-
topathological cancer diagnostics compared with FFPE, the
suitability of PAXgene tissue still needs to be shown by
independent and blinded ring trials.

Thus, the aim of our study was to evaluate the quality of
histo- and cytomorphological features of PAXgene-fixed tis-
sues and the suitability of the PAXgene tissue preservation
technology for histomorphological classification of colon can-
cer in comparison to the state-of-the-art FFPE technique.
Because all previous studies have been performed mainly on
non-malignant tissue samples, we decided to focus on colon
cancer, which is the fourth most common malignancy in the
Western world and the third most frequent cause of cancer-
related mortality [15, 16]. We applied virtual microscopy to
ensure that the participants evaluated the same section with the
same cellular components. Different studies have previously
shown that diagnostic performance of virtual slides is at least
equal, if not superior compared with conventional microscopy
[18, 25]. Comprehensive statistical analysis was performed to
evaluate the potential of the PAXgene Tissue System for
routine diagnostics of colon cancer.

Materials and methods

Tissue samples

Tissue samples of 15 colon cancer cases (13 adenocarcinomas
not otherwise specified (NOS) and two mucinous adenocar-
cinomas) were prospectively collected at the Institute of
Pathology of the Technische Universität München, Munich,
Germany in close collaboration with surgeons from the affil-
iated Department of Surgery. Samples were obtained from
patients diagnosed with colon carcinoma if enough residual
tumour tissue not needed for routine diagnostics was left for
research purposes. All patients signed written informed con-
sent, and the study was approved by the Ethics Committee of
the Klinikum Rechts der Isar of the Technische Universität
München (reference number 2336/09). Immediately after sur-
gery, each tumour specimen was divided into two mirrored
aliquots and either fixed in 10 % neutral-buffered formalin or
fixed with PAXgene Tissue Fix (PreAnalytix GmbH,
Hombrechtikon, Switzerland) for 24 h. One case was fixed
for 72 h and two cases for 96 h, both in formalin and PAXgene
Tissue Fix. Subsequently, PAXgene-fixed samples were trans-
ferred into PAXgene Tissue Stabiliser to stop the fixation
process. Using a standard protocol, PAXgene-treated and
formalin-fixed tissues were dehydrated and embedded in
low-melting temperature paraffin in two different embedding
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processors to avoid cross-contamination of the two fixatives.
Sections from all samples were stained with haematoxylin and
eosin (HE) and periodic acid-Schiff (PAS) and digitised using
the virtual microscopy platform of the Erasmus Medical
Center, Rotterdam, The Netherlands (Fig. 1). Slides were
scanned at ×40 resolution, comparable to ×400 magnification
of conventional light microscopy, using a Nanozoomer Digital
Pathology (NDP) slide scanner (Hamamatsu, Japan).
Digitised slides were coded according to the randomization
scheme provided by the project statisticians (P.V., C.C. and
S.P.) and uploaded to a password protected internet folder. A
short user manual for the NDP viewer software and morpho-
metric features therein was provided with the study protocol
that was sent to each participant. Reference values were
determined by independent evaluation of the “gold standard”
FFPE virtual slides by two pathologists of the Technische
Universität München (J. S.-H. and E. D.) according to the
WHO classification criteria (>95 % gland formation, G1, well
differentiated; 50–95 % gland formation, G2, moderately

differentiated; 0–49 % gland formation, G3, poorly differen-
tiated) [4] and in case of disagreement consensus was reached
by joint examination. The pathologists paid attention that all
features to be evaluated were similarly present in both fixed
samples of each case. Lymphovascular invasion (LVI) was
defined as present if invasion could be detected in the HE-
stained FFPE virtual slide and has been proven by immuno-
histochemistry against the markers CD34 and D2-40 [12, 19,
22] (Online resource 1).

Study design

Twenty pathologists from five European countries
(Austria, Germany, Portugal, Switzerland and The
Netherlands) and the USA agreed to participate in the
ring trial. Links to the randomised virtual slides were
distributed to the participants together with the study
protocol, the evaluation form, the detailed instructions
and the timeline for the ring trial implementation. Each

Fig. 1 Overview picture of one mirrored sample. Haematoxylin and
eosin (HE) and periodic acid-Schiff (PAS) staining of one exemplary
mirrored sample (case ID 1), which had been either PAXgene fixed and

paraffin embedded (PFPE) or formalin fixed and paraffin embedded
(FFPE). Original magnification, ×0.5 and ×10
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participant evaluated only one of the two virtual slides
obtained from each selected case, either the FFPE or the
PFPE sample, for which the fixation method was
blinded. The selection of the cases was performed ac-
cording to a randomised scheme implying the subdivi-
sion of both the differently fixed cases and participants
in two groups (Fig. 2). In particular, each participant
evaluated histological grading according to the WHO
classification criteria (percentage of glandular forma-
tion), histological subtype, presence of adenoma, pres-
ence of LVI, quality of histomorphology and quality of
nuclear features.

Statistical analysis

The reproducibility between fixation methods (PFPE vs.
FFPE) and the reference scenario (RS), as well as inter-
observer reproducibility was assessed by considering the his-
tological grading (classified as G1, G2 and G3/G4) score as
the pivotal variable.

Due to the nature of the grading score, the reproduc-
ibility was evaluated by computing the weighted kappa
statistic (kw) [9]. This statistic is the most widely ac-
cepted measure of agreement if, as in our case, the data
in question arise from an ordinal scale. Its values are
usually between 0 (absence of agreement) and 1 (abso-

lute agreement). A negative value may be obtained in
situations where the actual agreement is less than a
chance one. As previously reported [24], the observed
values of kw were considered satisfactory if equal to or
greater than 0.80. For the reproducibility between fixa-
tion methods as well as between reference evaluation
and fixation method, all the participants’ data were used
to compute the modal category within each method for
each case (modal scenario (MS)). Then, by starting from
these modal values, the jackknifed estimate of the
weighted kappa statistic (kwj) was computed together
with the relative 95 % confidence interval (CI) [7]. In
addition, for the inter-observer reproducibility the kappa
category-specific statistics (kcs) and their weighted aver-
ages (Cohen’s kappa statistic (kc)) were estimated by
jointly considering all participants data [9, 13]. Each
kcs value was interpreted in a qualitative manner on
the basis of the Landis and Koch classification criteria
[20].

The strength of association between fixation methods
and the pivotal variables (presence of adenoma, histo-
logical subtype, presence of LVI and general quality
parameters) was assessed by the Fisher exact test [1]
by taking advantage of the MS. Cases showing bimodal
distribution were excluded from each specific analysis.
All statistical analyses were performed with the SAS

Fig. 2 Study design. Each
participant evaluated only one of
the two virtual slides obtained
from each selected case, either the
FFPE or the PFPE sample, and
the fixation method was blinded.
The selection of the cases was
performed according to a
randomised scheme implying the
subdivision of both, the
differently fixed cases and the
participants in two groups
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software (version 9.2; SAS Institute Inc. Cary, NC) by
adopting a significance alpha level of 0.05.

Results

Reproducibility of colon cancer grading between the fixation
methods and vs. the reference scenario

The reproducibility of colon cancer grading according to
WHO classification criteria between both fixation methods
was rather satisfactory with a kwj value of 0.73 (95 % CI,
0.41–0.94). The concordance table depicted in Table 1
shows that four cases (three FFPE and one PFPE) had
to be excluded from statistical analysis because of a
bimodal distribution of the grading, each being classified
by five pathologists as G2 and by five pathologists as G3/
G4. Interestingly, the corresponding PFPE samples of
those three excluded FFPE cases showed a concordant
classification compared to the reference value whereas vice
versa this was not the case. Three of the remaining 11
cases resulted in a different grading for PFPE and FFPE.
Interestingly, for all three cases, the FFPE sample was
graded higher compared with the corresponding PFPE
sample. In detail, two cases were graded as G1 in the
PFPE samples, concordant to the reference value, but were
categorised as G2 in the FFPE samples. Additionally, one
case was graded as G2 in the PFPE sample, concordant to
the reference evaluation, but defined as G3/G4 in the
FFPE sample.

Thus, the reproducibility of colon cancer grading
between the RS and MS according to the respective
fixation method was rather satisfactory for FFPE with
a kwj value of 0.62 (95 % CI, 0.29–0.83) and satisfac-
tory for PFPE with a kwj value of 0.86 (95 % CI, 0.67–
1.00). The concordance tables depicted in Table 2 show
that five FFPE cases were classified differently com-
pared with the reference value, four of which showed
a higher grading. By contrast, only two PFPE cases
showed a different classification compared with the
reference value, only one of which was graded higher.

Inter-observer reproducibility of colon cancer grading

Twenty pathologists (ten for group 1 and ten for group
2) scored the virtual slides for colon cancer grading
according to the WHO classification criteria. Among
these, four participants did not provide the grading
score for each case and thus could not be considered
in the analysis of the inter-observer reproducibility. One
reason for missing grading values in the evaluation
sheets was the presence of two mucinous adenocarci-
nomas (>50 % extracellular mucin) which were not
graded by each pathologist and a case which was de-
fined as a medullary carcinoma by only one pathologist.
In general, the level of agreement within each group
was not completely satisfactory, with a median kw value
of 0.60 (range, 0.32–1.00) and 0.60 (range, 0.41–0.91)
for groups 1 and 2, respectively. The distribution of the
kw values of each participant compared with all the
others, as well as for the overall series, are displayed
by a specific box-plot in Fig. 3. The interchangeability
of the two groups was confirmed by the superimposable
level of agreement observed by considering the kw dis-
tribution in the overall series within each group.
Comparison of reference grading values and each group
resulted in an even lower median kw value of 0.54
(range, 0.17–0.71) and 0.56 (range, 0.43–0.82) for
groups 1 and 2, respectively. Only one pathologist
showed a satisfactory agreement (kw=0.82) compared
with the reference evaluation, in contrast the lowest kw
value was 0.17.

As shown in Table 3, in both groups the most im-
portant contribution to the overall agreement (corre-
sponding to a kc of 0.46 and 0.44 for groups 1 and 2,
respectively) is related to the category G3/G4 with a kcs
of 0.53 for group 1 and 0.54 for group 2. By contrast,
the grading category G2 appeared to provide the poorest
contribution to the observed overall agreement with a
kcs of 0.39 for group 1 and 0.30 for group 2.

Table 1 Reproducibility
between fixation
methods

PFPE FFPE

G1 G2 G3/G4 Total

G1 1 2 0 3

G2 0 4 1 5

G3/G4 0 0 3 3

Total 1 6 4 11

Table 2 Reproducibility
between reference and
modal scenario within
fixation method

RS reference scenario,
MS modal scenario

G1 G2 G3/G4 Total

RS MS FFPE

G1 1 3 0 4

G2 0 2 1 3

G3/G4 0 1 3 4

Total 1 6 4 11

RS MS PFPE

G1 3 1 0 4

G2 0 3 0 3

G3/G4 0 1 3 4

Total 3 5 3 11
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Other considered parameters

Besides histological grading of colon cancer additional
parameters, namely the presence of adenoma, the histo-
logical subtype and the presence of LVI, were evaluat-
ed with regard to the fixation method. We could not
detect significant associations between those parameters
and the respective fixation method which is depicted in
Tables 4, 5 and 6. The most critical issue in this
analysis was the evaluation of LVI. Some pathologists
commented on this issue that it is impossible to distin-
guish between LVI and retraction artefacts, neverthe-
less, everybody evaluated it. Interestingly, even though
the retraction artefacts were more prominent in PFPE
samples the evaluation of LVI in those samples showed

a higher concordance to the RS than the FFPE samples.
We detected three strong misclassifications (present vs.
not seen) in the FFPE samples whereas only one for
the PFPE samples. Furthermore, by Fisher exact test we
could not find a statistically significant association be-
tween retraction artefacts and the presence of LVI, as
well as the presence of adenoma or histological subtype
(data not shown).

Association between quality parameters and respective
fixation method

A total of 14 quality parameters for histomorphology
(preservation of epithelium, mucus in HE stain, mucus
in PAS stain, basal lamina, fatty tissue, tunica muscularis,
necrosis, retraction artefacts, edge artefacts and overall
quality) and nuclear features (chromatin, nucleoli, mito-
sis and apoptosis) were investigated with respect to the
fixation method. For three parameters, we found a sta-
tistically significant association as reported in Tables 7,
8 and 9. In these cases, the modal distribution was

Fig. 3 Inter-observer reproducibility. The distribution of the kw values of
each participant compared with all the others, as well as for the overall
series, is displayed within each group by a specific box-plot. In each box-
plot, the two horizontal sides of the box identify the 25th and 75th
percentiles; the horizontal line inside the box indicates the median and

the limits of the two whiskers correspond to minimum and maximum of
the overall distribution. The horizontal line represents the threshold value
of kw=0.80. The pathologists P08 and P09 from group 1 and P02 and P06
from group 2 were not considered in this analysis because they did not
provide the grading score for each case

Table 3 Inter-observer reproducibility

G1 G2 G3/G4

kcs value for group 1

G1 0.49 – –

G2 – 0.39 –

G3/G4 – – 0.53

Cohen’s k statistic (kc), 0.462

kcs value for group 2

G1 0.51 – –

G2 – 0.30 –

G3/G4 – – 0.54

Cohen’s k statistic (kc), 0.436

Table 4 Association between presence of adenoma and fixation method

Adenoma FFPE PFPE

Not present 9 10

Present 5 4

Total 14 14

Bimodal cases: No. 3 FFPE—5 not present, 5 present
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categorised according to the original classification (retraction
artefacts) or according to a three-class reclassification
(mucus in HE stain and overall quality). The evaluation
of the quality of mucus preservation in the HE staining
(p value=0.014) and the overall quality (p value=0.016)
revealed that no case was judged as poor/weak in both
fixation methods but all PFPE cases were classified as
good/excellent, whereas six FFPE cases were classified
as only satisfactory. The evaluation of retraction arte-
facts revealed that the majority of FFPE cases were
classified with retraction artefacts not present or minor
and none with moderate or significant retraction arte-
facts (p value=0.006). By contrast, in PFPE samples
retraction artefacts were observed more frequently and
the majority was evaluated with minor or moderate
retraction artefacts present. Figure 4 depicts two exam-
ples of the virtual slides used in the ring trial showing
HE- and PAS-stained PFPE and FFPE colon cancer
tissue samples. The pictures clearly show that the stain-
ing for both HE, and also the PAS staining, were more
intense in the PFPE tissues than in corresponding FFPE
tissues. Some participants mentioned that the contrast in
the HE-stained slides of PFPE samples was very good.
This led for example to the fact that nuclear features
like mitosis were also detectable more accurately; how-
ever, it was not statistically significant (p value=0.09).

Further general comments not related to the fixation meth-
od basically referred to the quality of the scan (e.g. some areas
were out of focus) and the quality of the sections and staining
(e.g. uneven staining, wrinkles, tears, floaters, poor contrast
and section too thick).

Discussion and conclusion

In this study, we report the results of a systematic comparative
evaluation of colon cancer histomorphology between conven-
tional formalin fixation and novel PAXgene tissue fixation,
performed by 20 pathologists from Europe and the USA.

The suitability of the novel preservation technology
PAXgene Tissue System for colon cancer grading was evalu-
ated by comparing the results from mirrored FFPE or
PAXgene-fixed or PFPE clinical tissue samples. The repro-
ducibility between both fixation methods using the MS was
rather satisfactory (kw=0.73). Three cases resulted in misclas-
sification between FFPE and PFPE, and it was remarkable that
all FFPE cases were graded higher compared with the corre-
sponding PFPE sample, which showed the same grading as
the RS. The overall evaluation of the reproducibility of colon
cancer grading between the RS and the MS concerning the
respective fixation method confirmed this finding. There was
higher agreement in grading between the PFPE samples and
the reference evaluation (kw=0.86) than for FFPE samples
(kw=0.62). This was an interesting finding because our study
reference was determined by independent evaluation of the
FFPE virtual slides by two pathologists from one institute
(Institute of Pathology of the Technical University Munich).
Thus, one would have expected that the FFPE samples would

Table 5 Association between histological subtype and fixation method

Invasive adenocarcinoma FFPE PFPE

No special subtype 13 14

Mucinous adenocarcinoma (>50 % extra cellular mucin) 2 1

Signet-ring cell carcinoma (>50 % signet-ring cells) 0 0

Total 15 15

Table 6 Association between presence of lymphovascular invasion and
fixation method

Lymphovascular invasion FFPE PFPE

Present (L1/V1) 2 5

Possible 1 1

Not seen (L0/V0) 9 6

Total 12 12

Bimodal cases: No. 6 PFPE—4 possible, 4 not seen; No. 7 PFPE—4
present, 4 not seen; No. 10 PFPE—5 possible, 5 not seen

Table 7 Association between quality of mucus preservation (HE stain-
ing) and fixation method

Mucus HE FFPE PFPE

Poor/weak 0 0

Satisfactory 6 0

Good/excellent 6 12

Total 12 12

Fisher exact text, p value=0.014. Bimodal cases: No. 2 FFPE—4 satis-
factory, 4 good; No. 2 PFPE—4 satisfactory, 4 good; No. 4 FFPE—4
satisfactory, 4 good; No. 4 PFPE—4 satisfactory, 4 good; No. 7 PFPE—4
satisfactory, 4 good

Table 8 Association between retraction artefacts and fixation method

Retraction artefacts FFPE PFPE

Not present 8 1

Minor 2 6

Moderate 0 2

Significant 0 1

Total 10 10

Fisher exact text, p value=0.006. Bimodal cases: No. 4 FFPE—3 not
present, 3 minor, 3 moderate (trimodal); No. 5 PFPE—4 minor, 4 mod-
erate; No. 6 FFPE—5 not present, 5 minor; No. 9 FFPE—4 minor, 4
moderate; No. 11 FFPE—3 not present, 3 minor
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show greater agreement with the reference values. A reason
for these diverging results might be that in the reference
evaluation the percentage of gland formation was analysed
strictly according to the WHO classification criteria without
consideration of cytomorphology. In the PFPE samples, the
glands could be detected more accurately (Figs. 1 and 4)
allowing the participants to focus mainly on the percentage
of gland formation which resulted in a high agreement be-
tween PFPE samples and the RS. By contrast, it seems that the
assessment of tumour differentiation of FFPE samples was
often influenced by cytomorphological features instead of
gland formation only, which might have led to higher grading
in the end.

Inter-observer reproducibility concerning histological
grading within the two groups of pathologists was not
completely satisfactory (kw=0.60). This finding confirms pre-
vious studies reporting that assessment of tumour differentia-
tion in general shows high inter-observer variability [5, 6, 27].
The level of agreement concerning histopathological grading
of colorectal cancer in these studies was similar or even lower
compared to our ring trial. Furthermore, the performance level
in evaluating the grading seemed to be similar in the two
considered groups of pathologists, which confirmed the ap-
propriateness of our randomization scheme. The reproducibil-
ity of histological grading between the ring trial results and the
results of the RS was even slightly lower (kw=0.54 and 0.56
for groups 1 and 2, respectively) but again nearly no differ-
ences could be detected between the two groups of patholo-
gists. The most important contribution to the observed overall
agreement was related to the grading category G3/G4, and the
most critical grading category in this context was G2. It has
been already shown in other studies that high inter-observer
variability mainly concerns grade 2 tumours [2, 14]. The
major problem seems the subjective nature of assessment of
tumour differentiation (percentage of gland formation) and the
lack of possibilities for objective quantification of specific
parameters [18]. Interestingly, those pathologists showing
the highest agreement (kw>0.8) within a group were not from
the same department, where one would have expected com-
mon training but from different countries.

In a previous study, assessing histomorphology of
PAXgene-fixed tissues artefacts such as cell shrinkage/

retraction was occasionally observed [17]. Thus, we aimed
to clarify within an international ring trial whether these
artefacts may influence a proper diagnosis in tumour tissues.
Therefore, besides histological grading of the colon cancer
samples, additional parameters were evaluated with regard to
the fixation method. No significant associations could be
detected between presence of adenoma, histological subtype
of carcinoma and presence of LVI. Although, there was no
statistical relevance the most critical issue in this context was
the evaluation of LVI in the presence of retraction artefacts.
Our study revealed that retraction artefacts were significantly
more frequent in PFPE samples (p value=0.006) but interest-
ingly the concordance in evaluating presence of LVI in PFPE
samples compared with the RS was higher than for FFPE
samples. These data suggest that the evaluation of LVI in the
presence of retraction artefacts is a common problem not
related to the fixation method. It was already published for
FFPE samples that standard pathological methods like HE
staining are not sufficient for direct observation of tumour cell
infiltration into the vessels and that evaluation of LVI is
complicated by tissue retraction artefacts and high inter-
observer variability [12, 19, 22]. Thus, it is generally recom-
mended to perform immunohistochemical analysis using
markers for vascular and lymphatic channels to validate inva-
sion [19, 22]. We also performed immunohistochemistry
against CD34 and D2-40 with our reference slides to prove
LVI. For future approaches, we would recommend immuno-
histochemistry also for PFPE samples to be able to reliably
differentiate LVI from retraction artefacts.

Concerning the quality parameters for histomorphology
and nuclear features, three out of 14 parameters showed a
statistically significant association with the fixation method.
Specifically, the overall quality of histomorphology and mu-
cus preservation was judged significantly better for PFPE
cases (p value=0.016 and 0.014, respectively). Other consid-
ered parameters were not significantly related to the fixation
method. Interestingly, the HE and PAS staining was more
intense in PFPE samples, and it was mentioned by some
participants that the contrast in those HE-stained slides was
very good. This led for example to the fact that nuclear
features like detection of mitosis were also scored equal or
better for PFPE samples, however it was not statistically
significant (p value=0.09). This might also facilitate accurate
grading in cancer tissues and could be an explanation for high
agreement in grading between PFPE samples and the RS.

Table 9 Association between overall quality of morphology and fixation

Overall quality FFPE PFPE

Poor/weak 0 0

Satisfactory 6 0

Good/excellent 8 14

Total 14 14

Fisher exact text, p value=0.016. Bimodal cases: No. 2 FFPE—5 satis-
factory, 5 good

�Fig. 4 Examples for overall morphology of PFPE and FFPE tissue
samples. Haematoxylin and eosin (HE) and periodic acid-Schiff (PAS)
staining of two examples (a, case ID 10; b case ID 8) for G1 colorectal
cancers which had been either PAXgene fixed and paraffin embedded
(PFPE) or formalin fixed and paraffin embedded (FFPE). Original
magnification, ×20 and ×40
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Further comments not related to the fixation method basi-
cally referred to the quality of the sections and staining’s and
the quality of the scan. Although the use of virtual microscopy
was in general well accepted by the participants some of them
mentioned that a few areas of the scanned slides were out of
focus. Nevertheless, the diagnostic reproducibility might not
be affected by this issue because the reference evaluation was
performed with the same virtual slides.

In parallel to our ring trial focussing on colon cancer,
partners from the SPIDIA consortium performed similar stud-
ies with breast cancer (Viertler et al., in preparation) and
prostate cancer samples (Kap et al., in preparation). Within
these three different morphology ring trials we achieved par-
ticipation of more than 70 renowned pathologists from Europe
and the USA. In future studies, further tumour types, such as
papillary thyroid carcinomas or neuroendocrine tumours have
to be evaluated where careful attention to nuclear details and
assessment of mitotic rate is required. In addition, large tissue
specimens like whole hemicolectomy specimens should be
assessed. Preliminary results obtained by fixation of pig or-
gans suggest that when tissue is pretreated as usual, e.g.
incision(s) to allow fixation, PAXgene is able to fix whole
organs overnight [17]. So far, our findings indicate that the
PAXgene Tissue System leads as compared with formalin
fixation to similar or even better preservation of
histomorphology including nuclear features and allows accu-
rate morphological diagnosis. Thus, it has great potential to
serve as a multimodal fixative for pathology in personalised
medicine, enabling histopathological diagnosis and a broad
spectrum of biomarker analyses from the same clinical tissue
specimen.
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