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Abstract

Diagnostic pathology activities are largely based on fixation of tissues in 4% formaldehyde, which has recently been re-classified
as a carcinogenic compound and banned in several countries. Hospitals that do not have in-house pathology services need to send
surgical and biopsy specimens to referral centers. These are generally transferred in liquid containers, under suboptimal safety
conditions, as accidental spillage of potentially dangerous substances may occur. A safe, innovative, two-step procedure for
pathology sample transportation is presented. Formalin-fixed material from ten surgical cases was dissected (including surrogate
biopsies) and preserved in liquid-free plastic bags under vacuum for up to 30 days and subsequently processed for conventional
histology, several immunohistochemical markers, and molecular tests (e.g., RAS mutation). The data were compared with the
corresponding routine analyses. Formalin-fixed specimens after up to 30 days under vacuum storage gave equivalent results
compared to standard histopathological slides and molecular tests, regarding both hematoxylin-eosin, immuno-stained slides and
also nucleic acid extracted for molecular tests. The proposal of under-vacuum sealing pathology specimens that were previously
formalin fixed can be adopted to transfer liquid-free biopsy and surgical specimens to referral pathology services. In fact, it is easy
to perform, less expensive (both plastic bags and domestic-type vacuum chamber machines are at affordable costs), and above all
is fully safe and adequate in the pre-analytical processing of pathology specimens.
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Introduction

A significant number of clinics and community hospitals in
different parts of the world, and particularly in remote areas,
have no in-house pathology services. It derives that surgical
specimens and biopsy samples require transportation to the
referral pathology center for microscopic analysis. In histopa-
thology, the diagnostic process follows several steps,
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including crucial pre-analytical procedures that may deeply
affect the accuracy of the final pathology report and basically
depend on timely fixation of samples, as well as on an efficient
transfer of material to pathology services [1, 2]. In countries
with poor health facilities or remote hospital services, the
transportation may imply long distances and usually speci-
mens are transferred immersed in liquid formalin to avoid
wasting of the biological properties. Often, samples are
shipped by couriers or ordinary mail systems, and along this
process when liquids are shipped, the safety conditions are
suboptimal, especially if containing potentially dangerous
substances in the solution (i.e., formaldehyde) [3].

Since the original description of its tissue fixation proper-
ties by Blum in 1893 [4], fixation in aqueous formaldehyde
solution (formalin) is the most widely used preservation meth-
od in routine pathology. In general, immersion of the fresh
specimen in liquid formalin for 6 up to 72 h gives an optimal
tissue and cellular preservation, and degradation or autolysis
is definitely avoided. In the daily practice, however, the pa-
thology samples may remain immersed in liquid formalin un-
til processing, sometimes even several days.
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Due to its toxicity [5, 6] and its recent re-classification as a
potentially carcinogenic compound [7, 8], the use of formalin
has been banned or drastically reduced in several countries,
including different work places, industry, and hospitals [the
European Community (EC) regulation no. 1907/2006 was up-
dated by the European Union (EU) Commission Regulation no.
895/2014 and is effective in the EU since August 2017]. At
present, however, there is no valid alternative accepted by the
scientific community and formalin is still ordinarily used world-
wide, since the balance between the diagnostic and scientific
importance (i.e., patient’s health) and the protection of workers
is set on a risk reduction basis defined as the “As Low As
Reasonably Achievable (Risk)” principle. In Italy, as in other
countries of the European Union, this also results in strict obli-
gations to protect the health of workers that manage formalde-
hyde. Therefore, it is essential to implement every possible
technical, organizational, and procedural action to minimize
the risk to the worker’s health [9]. In line with such scenario
is the possibility of avoiding immediate formalin fixation in the
surgical theater and rather favors the transfer of fresh pathology
specimens under vacuum conditions and low temperatures, as
adopted in our hospital [10].

Apart from the abovementioned harmful effects, another
disadvantage of formalin (as of all liquid substances) is that
during specimen transportation, an accidental spillage of the
liquid may occur. For safety reasons, proper packaging, han-
dling, and storage of formalin-containing samples are there-
fore of critical importance during all transportation steps. In
clinics and community hospitals, especially those located in
remote areas, where it is common practice to immerse tissues
in formalin and send the container by post to the reference
pathology laboratory, this procedure is cumbersome and po-
tentially harmful. We designed an innovative procedure,
intended to make the transportation of formalin-fixed speci-
mens safer and lighter, thus ultimately cheaper.

We here show that the under-vacuum preservation in
liquid-free plastic bags of already appropriately formalin-
fixed tissues allows to safely store and transport pathology
specimens at room temperature in a time frame at least up to
30 days. In order to test the feasibility of the procedure, we
evaluated the quality of preservation of biopsy and surgical
specimens, first routinely fixed in formalin and then removed
from the liquid and stored in plastic bags under vacuum for
variable periods of time.

Materials and methods

Ten specimens of different origins and diseases were random-
ly selected from the gross specimen room of the pathology
division of the University of Torino in August 2017. All these
cases had been fixed in formaldehyde for 2 to 5 days after
surgical resection and represented the excess tissue to be

@ Springer

eliminated after the case was reported and signed out. These
cases included lung adenocarcinoma (4), colorectal carcinoma
(1), colorectal carcinoma with polyposis (1), bladder carcino-
ma (1), breast carcinoma (1), gastroduodenal cancer (1), and a
spleen (1) removed along with pancreatectomy. The descrip-
tion of surgical specimens included in this study is summa-
rized in Table 1. A portion of the formalin-fixed surgical spec-
imen, including part of the tumor (whenever present) and nor-
mal parenchyma, measuring approximately 7 X 8 x 3 cm was
dissected and immediately anonymized by a pathology staff
member not involved in the current study. The samples were
then placed, liquid-free, into a plastic bag of the appropriate
size. After recording only the date of sampling and the type of
tissue and disease, the dedicated plastic bag was processed in
the TissueSAFE Biospecimen vacuum sealing system
(Milestone, Sorisole, Bergamo, Italy) (Fig. 1). The same pro-
cedure was repeated on another, similar sample of the same
tissues using commercial plastic bags (size 25 x 30 cm, thick-
ness 0.15 mm, by ORVED, Musile di Piave, Venice, Italy).
These latter bags were processed for vacuum sealing using a
commercial vacuum chamber machine, of the type normally
used for foods (CVE 420 Vacuum sealer, VALK O, Bottanuco,
Bergamo, Italy).

Samples were stored under vacuum for a variable time
ranging from 7 to 30 days, either at room or at higher temper-
atures (up to 35 °C), in order to mimic possible environmental
circumstances during transportation. Furthermore, some cases
were shipped in an ordinary envelope by ordinary mail to our
own address within the city (turnaround time of 7 days).
During the entire duration of the study, the under-vacuum
conditions were monitored and found to be maintained in all
samples.

After 7 days, the cases were processed as follows: each
sealed bag was opened, a representative fragment was proc-
essed for paraffin embedding, and routine hematoxylin and
eosin staining was performed, following standard procedures
(Leica ASP 300 processor and automated Leica ST5020
Multistainer, Leica Microsystems, Wetzlar, Germany) [11].
Then, the plastic bags were sealed again under vacuum, stored
at room or higher temperatures, and the same procedure was
repeated after 30 days with a new sampling of an adjacent
tumor/tissue area. Finally, the bags were sealed again and
stored (Fig. 1).

Finally, on four neoplastic cases (three lung carcinomas,
one breast carcinoma), at the time of dissection of the portion
for vacuum sealing, we performed needle biopsies with a cut-
ting needle (Biopsy needle, Biopsybell, Modena, Italy) and
also simulated an interventional endoscopy procedure on a
surgical specimen of colonic cancer within polyposis by
resecting small fragments of a vegetating tumor. In needle
biopsies, we obtained approximately 2-cm long tissue cores
that were simultaneously sealed under vacuum in a separate
plastic bag, for the purpose of simulating the transportation of
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Fig. 1 Two-step procedure for STEP 1
safe transportation under vacuum

of liquid-free pathology Fixation .

specimens. Formalin fixation is
followed by vacuum preservation
(surgical specimen and surrogate
biopsy sample in a vial to protect
the small fragment). After
transferred to pathology
laboratory, the plastic bag under
vacuum is opened for tissue
sampling and histopathological
analysis (step 3)

STEP 3
Sampling

Transfer to
pathology lab

1 1,

0

by electrophoresis on ethidium bromide-stained 2% agarose
gels. To reduce the risk of contamination from previously
amplified products, separate areas were used for DNA isola-
tion, amplification, and electrophoresis.

Extraction, quantification, and quality assessment
of RNA

Total RNA was isolated from three 10-pum-thick paraffin-
embedded tissue sections.

Table 2 Markers and related antibodies used in IHC reactions

2/5 7/30 days

Sections were deparaffinized in xylene followed by three
incubations in 100% ethanol. After overnight incubation at
55 °C with proteinase K, RNA was isolated using the Roche
FFPET RNA Isolation Kit (Roche) according to manufac-
turer’s instructions. Total RNA concentration was assessed
using a NanoDrop spectrophotometer (Thermo Fisher
Scientific).

RNA integrity was assessed with Agilent 2100 Bioanalyzer
(Agilent Technologies), using Agilent RNA 6000 Nano Kit,

as previously described [9, 15]. In brief, the size distribution of
the RNA fragments was calculated from Agilent 2100

Marker Clone antibody Species Company Retrieval buffer Dilution Localization
TTF1 SP141 Rabbit Ventana, Tucson, USA 36’CCl1 Prediluted Nuclear
CD20 L26 Mouse Leica Wetzlar, Germany 36’CCl1 1:100 Membranous/cytoplasmic
CD3 2GV6 Rabbit Ventana 36’CCl1 Prediluted Membranous/cytoplasmic
CEA TF 3H8-1 Mouse Ventana 36’CCl1 Prediluted Cytoplasmic
EMA E29 Mouse Ventana None Prediluted Cytoplasmic/membranous
CD31 JC70 Mouse Ventana 36’CCl1 Prediluted Cytoplasmic/membranous
Vimentin V9 Mouse Ventana 36’CCl1 Prediluted Cytoplasmic
Keratin AE1/AE3 Mouse Ventana 4’ protease 1 Prediluted Cytoplasmic
Ki67 MIB1 Mouse Dako/Agilent, Glostrup, 36°CCl1 1:80 Nuclear

Denmark
S100 4C4.9 Mouse Ventana 4’ protease 1 Prediluted Cytoplasmic
CD45 RP2/18 Mouse Ventana 36°CCl1 Prediluted Membranous
p40 BC28 Mouse Ventana 52° Prediluted Nuclear
CD68 KP-1 Mouse Ventana 4’ protease 1 Prediluted Cytoplasmic/membranous
p53 Bp-53-11 Mouse Ventana 36° CCl Prediluted Nuclear
Mucin stain Periodic acid-Schiff stain after diastase treatment
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Bioanalyzer readings using a Smear Analysis with a 200-nt
threshold: the percentage of RNA fragments > 200 nt in size
(DV200 metric) was recorded. In addition, RNA integrity
number (RIN) was noted for each analyzed sample.

Gene mutation analysis

The DNAs were amplified according to the manufacturer’s
instructions on a Labcycler (SensoQuest GmbH, Germany),
using the CE-IVD Myriapod Colon Status kit (Diatech
Pharmacogenetics, Jesi, Italy) based on a multiplex PCR.
The amplified DNAs were submitted to a Shrimp Alkaline
Phosphatase digestion (SAP reaction) to remove the excess
of free nucleotides. Finally, the purified DNAs underwent a
reaction of primer extension (iPLEX) with oligonucleotides
flanking each gene position under study and with
dideoxynucleotide terminators of known mass to discriminate
wild-type from mutated genotypes, by using a matrix-assisted
laser desorption ionization time-of-flight mass spectrometry.
Amplified DNAs were dispensed on a supplied solid chip
prior to be scanned on a MassARRAY instrument
(Sequenom Inc., San Diego, CA, USA). The Myriapod
Colon Status kit identifies 58, 54, 23, and 66 nucleotide sub-
stitutions in the KRAS, NRAS, BRAF, and PIK3CA genes,
respectively [16].

Results

The under-vacuum sealing procedures performed with the
certified instruments from Milestone (TissueSAFE) and using
the official plastic bags produced by the same company pro-
vided an excellent preservation of the samples and of the vac-
uum conditions. Since the specimens here investigated were
already fixed in formalin, the risk of spillover of fresh blood
was obviously non-existing and indeed no other liquid was
present in the plastic bags. In addition, when the same proce-
dure was repeated using commercial plastic bags of slightly
lower thickness (0.15 mm) and a vacuum chamber machine of
the type used in food industry or in domestic environments,
the quality of tissue preservation and vacuum maintenance
was globally overlapping. Despite the higher reliability of
specifically designed plastic bags and vacuum apparatus, this
preliminary comparative analysis of the efficacy of the newly
devised combined two step procedure was a compromise in
order to assess the applicability of the new proposal also in
extreme conditions, as those commonly encountered in re-
mote hospitals and/or in low-income countries.

The independent and blind evaluation of the three hema-
toxylin and eosin stained slides corresponding to the original
slide, the one taken after 7 days under vacuum and that after
30 days, gave comparable results among the three observers
with the final conclusion that the three samples were

indistinguishable. This unanimous impression was shared
for both surgical specimens and for the surrogate biopsies
(core needle or “pseudo-endoscopic” fragments of a polyp)
taken from the formalin-fixed specimens and sealed under
vacuum in similar conditions. The staining quality of H&E
sections was evaluated as satisfactory and equivalent com-
pared to routine slides in all aspects, including clarity, unifor-
mity, and crispness of the glass slides, as well as staining of
nuclear and cytoplasmic details. Tissue architecture and cellu-
lar elements were well preserved. The slides obtained from
under-vacuum tissue did not show any difference regarding
diagnostic utility compared to original slides (Fig. 2).

All tissues included in this study had the expected positive
or negative expression of tested markers (TTF1, CD20, CD3,
CEA, EMA, CD31, Vimentin, CK, Ki67, S100, CD45, p40,
CD68, p53, and mucin stain).

Quantification and quality assessment of DNA
and RNA

To evaluate the preservation of nucleic acids, DNA and RNA
were extracted from standard-fixed and under-vacuum stored
samples. The PCR assay providing information about the size
range of fragments was used to assess DNA quality. In all the
vacuum-stored specimens, DNA amplification was consis-
tently successful at 100 and 200 bp and also occasionally at
higher length (one sample after 7 days storage allowed the
amplification of GAPDH up to 300 bp). Also, RNA quality,
determined by Agilent Bioanalyzer traces, was satisfactory:
the percentage of RNA fragments greater than 200 nt
(DV200) was superior to 90% in all under-vacuum samples
(Fig. 3a, b). Additionally, RIN for breast cancer sample after
7-day and 30-day storage was recorded at 2.50 and 2.10, re-
spectively, while for the colon cancer, sample resulted at 2.70
for both storage periods.

Gene mutation analysis

In the case of colorectal carcinoma, the occurrence of KRAS/
NRAS/BRAF/PIK3CA gene mutations was evaluated using
Sequenom analysis, and a mutation at codon 61 of NRAS gene
(c.182A>G, p.GIn61Arg, p.Q61R) and at codon 542 of
PIK3CA gene (¢c.1624G>A, p.Glu542Lys, p.E542K) was de-
tected, while KRAS and BRAF genes resulted as wild type.
These results were compared with routine samples that iden-
tified the same mutations.

Discussion
The quality of pathology slides for the purpose of histological

diagnosis of infectious or of non-neoplastic diseases, as well
as of tumors, is crucial, and pre-analytical steps of the
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Fig. 2 Examples of pre-fixed surgical or surrogate biopsy specimens,
stored under vacuum for 7 to 30 days and then processed for light
microscopy or immunohistochemistry. Hematoxylin- and eosin-stained
slides of duodenum (a, b, after 7 days of under-vacuum preservation),
surrogate biopsy of a fragment of colonic adenoma found in a surgical
specimen (¢, after 7 days of under-vacuum preservation), surrogate core

specimen histopathological management play a pivotal role in
this process. We have here devised a procedure for improving
the critical step of the transfer of fixed pathology specimens,
and we show that the under-vacuum sealing in liquid-free
plastic bags of previously appropriately formalin-fixed tissues
allows to safely store and transport pathology specimens at
room temperature in a time frame up to at least 2 months,
provided that vacuum conditions are maintained. This proce-
dure results to be simple and safe and offers definite advan-
tages in terms of cost and speed of transfer.

Two established facts prompted us to explore alternative
ways of transferring pathology specimens under safe condi-
tions, while preserving the diagnostic standard guaranteed by
appropriate formalin-based fixation. Not all hospitals and
health centers in the world have indoor pathology services
which imply that surgical pathology and biopsy specimens
are regularly shipped or transported to referral centers. In ad-
dition, despite the fact that formalin remains the optimal tissue
preservation solution (for the purposes of histocytological,
immunohistochemical, and molecular diagnostic workup), it
is well known that this aldehyde is hazardous (being associat-
ed to irritant properties), and it has recently been moved by the
European Community to the category of forbidden, potential-
ly cancerogenic reagents (see also Statement by the “Pre-ana-
lytical Tissue Condition” Working Group of the European
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biopsy in a resected breast invasive ductal carcinoma (d, and high
magnification of the insert in e, after 30 days of under-vacuum
preservation). Vimentin staining in a sample of breast carcinoma
confirms antigen preservation after 30 days under vacuum (f) [original
magnifications: a, ¢, d x 40; b, e, f x200]

Society of Pathology on Formalin banning in Europe in
2016) [7-9].

Regarding the first point, poor access to specialized health
services in rural and remote areas is an actual and significant
problem for people living in those regions. Among others,
histopathological examination may be a relevant issue for
the therapeutic strategy, and pre-analytical conditions, includ-
ing tissue fixation, handling, and specimen transportation are
crucial to provide accurate pathology reports [17-19].
Different methods and timing for tissue transfer to referral
pathology laboratories occur throughout the world. In general,
the most common transportation system is based on containers
with variable amounts of liquid formalin. An alternative, as
adopted in the Detroit area [20], is the transfer of fresh samples
in vacuum-sealed plastic bags, but this requires affordable
distances and cold (4 °C) conditions throughout.

In low-income countries, pathology services are mostly
concentrated in capital or large cities and the organization of
transportation of specimens from remote areas is a complicate
issue. Apart from alternative fixatives, formalin itself may be
difficult to purchase in large amounts, and the transfer of
liquid-containing materials through long distances is cumber-
some and hazardous [3, 21, 22]. The procedure here proposed
can be adopted at low costs with a minimal amount of forma-
lin required for the first fixation step and the use of a single
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Fig. 3 a DNA amplification was found at 100 and 200 bp and also
occasionally at higher length (one sample after 7 days storage allowed
the amplification of GAPDH up to 300 bp) [MW, molecular weight; 1,
colon cancer sample after 7-day storage; 2, colon cancer sample after 30-
day storage; 3, breast cancer sample after 7-day storage; 4, breast cancer

plastic bag having a cost of a few cents of US dollar. The
vacuum chamber machine, specifically devised in order to
meet safety requirements, needs to be acquired in each hospi-
tal, while the cost of domestic instruments does not exceed
150 USD. In addition, the shipping of the light, liquid-free
bags as post letter (rather than heavy parcels) results to be
cheaper, faster, and safer.

The proposed procedure helps to restrict the use of
formalin to the surgical theater, only (apart from the re-
ceiving pathology laboratory), with no formalin present in
the transportation step, thus preventing potential liquid
leakage from the containers and dispersion of a
cancerogenic agent in the environment. Based on up to
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sample after 30-day storage; C+ positive control; C— negative control]. b
The percentage of RNA fragments greater than 200 nt (DV200) superior
to 90% was found in all under-vacuum samples [sample 1, breast cancer
case; sample 2, colon cancer case]

date findings [23-25], the current proposal represents then
a compromise that reasonably combines the advantages of
preserving both, the tissues and the environment.
Regarding tissues, the quality of histopathological and
immunophenotypical staining, as well as that of nucleic
acids for molecular tests, was equivalent to that present in
the original histological material, in both 7-day and 30-
day under-vacuum storage conditions. In particular, im-
munohistochemical markers provided the expected reac-
tivity in all tissues examined, and extracted DNA and
RNA were found at an acceptable length and amount.

A final comment is related to technical issues of the de-
vised procedure. Regarding plastic bags, we decided to test
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the feasibility of the current project on both certified con-
tainers made of polyvinyl chloride/PVC, as those provided
for the TissueSAFE machine (Milestone), as well as com-
mercial plastic bags of adequate and comparable thickness
and resistance, together with a commercial vacuum chamber
machine used for domestic purposes or in food industry,
having costs not exceeding 150 USD. We demonstrated that
previously formalin-fixed tissue samples can be safely stored
and transported in both scenarios. As a consequence, this
newly devised, two-step, procedure for fixing and safely
shipping pathology specimens can be adapted to different
situations, in different parts of the world, either a network
of remote hospitals lacking pathology services or single re-
mote health centers in low-income countries that are often
forced to ship their pathology materials to referral centers,
sometimes even out of their country. The lack of resources
and limited financial availability may fit with the proposed
transportation procedure, guaranteeing safe and optimal con-
ditions in the pre-analytical steps of the histopathological
diagnostic workup. Regarding sample size, this is not a lim-
iting issue since the crucial point is an adequate formalin
fixation prior to preparing the specimen for vacuum process-
ing. Small specimens, such as core biopsies, can safely be
shipped under vacuum, once protected in a plastic vial,
while for large specimens, care should be taken to dissect
the surgical specimen in such a way to respect the anatom-
ical relationships between normal tissue and the lesion
(tumor) and possibly in slices having a recommended thick-
ness of approximately 2—3 cm, as recommended for proper
fixation.

In conclusion, we show that the sealing under-vacuum con-
ditions of previously and adequately formalin-fixed pathology
specimens can safely be adopted to transfer biopsy and surgi-
cal specimens from remote areas to the referral pathology
services. This newly devised, two-step procedure is based on
low-cost technology in terms of instruments, timing, and per-
sonnel’s education, which renders this method easily afford-
able and above all fully safe and adequate in the pre-analytical
processing of pathology specimens.
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