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Review Article

Tissue Handling and Specimen Preparation
in Surgical Pathology

Issues Concerning the Recovery of Nucleic Acids
From Formalin-Fixed, Paraffin-Embedded Tissue

Stephen M. Hewitt, MD, PhD; Fraser A. Lewis, PhD; Yanxiang Cao, PhD; Richard C. Conrad, PhD; Maureen Cronin, PhD;
Kathleen D. Danenberg; Thomas J. Goralski, PhD; John P. Langmore, PhD; Rajiv G. Raja, PhD; P. Mickey Williams, PhD;

John F. Palma, PhD; Janet A. Warrington, PhD

● Context.—Expression profiling by microarrays and real-
time polymerase chain reaction–based assays is a powerful
tool for classification and prognostication of disease; how-
ever, it remains a research tool, largely reliant on frozen
tissue. Limiting the utility of expression profiling is the iso-
lation of quality nucleic acids from formalin-fixed, paraf-
fin-embedded tissue. The collection, handling, and pro-
cessing of tissue directly impacts the biomolecules that can
be recovered from it. High-quality nucleic acids can be
obtained from formalin-fixed, paraffin-embedded tissue,
but greater attention to all steps in the process of tissue
handling and preparation is required.

Objective.—To summarize the current state-of-the-art of
preanalytic factors in tissue handling and processing as
they impact the quality of RNA obtainable from formalin-
fixed, paraffin-embedded tissue. The goals are to provide
recommendations that will improve RNA quality for ex-

pression profiling from formalin-fixed, paraffin-embedded
tissue and highlight areas for additional research. Tissue is
an analyte and it must be handled in a standardized fashion
to provide consistent results.

Data Sources.—The literature was reviewed. Consulta-
tion with industry and academic leaders in the use of RNA
for expression profiling was obtained to identify areas for
additional research.

Conclusions.—Development of RNA-based assays from
formalin-fixed, paraffin-embedded tissue is feasible. Great-
er attention to tissue handing and processing is essential
to improve the quality of biospecimens for the develop-
ment of robust RNA-based assays. Standardization of pro-
cedures and vigorous testing of alternative protocols are
required to ensure that these assays function as designed.

(Arch Pathol Lab Med. 2008;132:1929–1935)

Nucleic acid–based diagnostics are of great utility in
molecular medicine but have been slower to reach

the clinic than had been anticipated. The success of these
platforms as biomarkers of disease is dependent on their
reduction to an assay that is reproducible and widely ap-
plicable.1,2 One hurdle in the introduction of nucleic acid–

Accepted for publication July 10, 2008.
From the Tissue Array Research Program, Laboratory of Pathology,

Center for Cancer Research, National Cancer Institute, National Insti-
tutes of Health, Bethesda, Md (Dr Hewitt); Histopathology and Molec-
ular Pathology, the Leeds Teaching Hospitals NHS Trust and Pathology
and Tumour Biology, the University of Leeds, Leeds, United Kingdom
(Dr Lewis); Applied Biosystems, Foster City, Calif (Drs Cao and Conrad);
Genomic Health, Inc, Redwood City, Calif (Dr Cronin); Response Ge-
netics, Inc, Los Angeles, Calif (Ms Danenberg); Expression Analysis,
Inc, Durham, NC (Dr Goralski); Rubicon Genomics, Inc, Ann Arbor,
Mich (Dr Langmore); the Molecular Devices Corporation, Sunnyvale
Calif (Dr Raja); Roche Molecular Systems, Pleasanton Calif (Dr Wil-
liams); Veridex, LLC, a Johnson & Johnson Company, San Diego, Calif
(Dr Palma); and Affymetrix Inc, Santa Clara, Calif (Dr Warrington).

Dr Warrington is an employee and shareholder of Affymetrix Inc.
The other authors have no relevant financial interest in the products or
companies described in this article.

Reprints: Stephen Hewitt, MD, PhD, TARP Lab, Advanced Technol-
ogy Center, National Cancer Institute, MSC 4605, Bethesda, MD
20892-4605 (e-mail: genejock@helix.nih.gov).

based diagnostics is the nature of the specimen from
which the nucleic acids are obtained. Most hospitals and
clinics lack the infrastructure to store and archive frozen
tissue for isolation of RNA and DNA.3 For tissue-based
nucleic acid assays to enter the clinical setting, nucleic ac-
ids must be obtainable through the current practices of
diagnostic histopathology. The current practice of speci-
men preparation is diverse and lacks strict standardization
or well-defined standard operating procedures. As a re-
sult, significant diversity is found in the quality of the
analyte source, namely, formalin-fixed, paraffin-embed-
ded (FFPE) tissue.

This report summarizes the challenges the field faces
and provides guidance on how to accomplish the goal of
standardization. By providing this information to investi-
gators in the clinic, pathology laboratory, and research en-
vironments, the collection of tissue in clinical trials, as well
as in routine medical care, can be improved. The goal is
to elevate the quality of FFPE tissue obtained in clinical
trials as the basis for the discovery and validation of new
biomarkers. Central to these efforts is the appreciation that
tissue is no longer used only for microscopic interpreta-
tion of histopathology, but also for molecular assays of
both nucleic acids and proteins. With the introduction of
molecular assays, tissue becomes an analyte, whose spec-
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ification of quality is an element of the validated assays
performed with it.

The Paraffin Embedded Working Group is a self-iden-
tified group of researchers with the common goal of im-
proving the quality and methodologies for the extraction
of nucleic acids from paraffin-embedded tissue. The group
is sponsored by Affymetrix (Santa Clara, Calif) as a part
of its Standards Program, dedicated to advancing inter-
national efforts in the development of standard controls
and best practices. Members of the group are from aca-
demia, government, and industry worldwide. Their rec-
ommendations focus on the specification of the analyte,
but do not address the isolation and quality metrics that
are incumbent for FFPE tissue to be routinely used as a
source of RNA for RNA-based analysis in a clinical set-
ting.

Nucleic acids from FFPE tissue can be used in discovery
and validation of biomarkers. The reproducible artifact of
formalin fixation applies not only to histology and cytol-
ogy, but also to the preservation of DNA, RNA, and pro-
teins. Currently, appreciation of quality is subjective; how-
ever, for quantitative assays, quality must be objective and
quantifiable. From the clinical laboratory perspective, no
assay can be validated until the analyte has been specified.
Currently, the specifications for fixation and handling of
FFPE tissue are inadequate and result in widely variable
and poorly understood differences in the recovery of bio-
molecules for diagnostic assays. This problem plagues not
only nucleic acid–based assays, but also protein-based as-
says, including immunohistochemistry, as researchers
strive to develop predictive assays.

Our goal is to educate the biomedical community in an
effort to improve the quality of RNA that can be recovered
from FFPE tissue. In designing a clinical trial, it is no lon-
ger acceptable to state that ‘‘tissue will be collected by
‘standard protocol’ ’’ when in fact the protocols are not
standard between hospitals and do not meet the demands
of biomedicine. Although pathologists and pathology lab-
oratories are central to improving and assessing the qual-
ity of nucleic acids obtained from FFPE tissue, the bio-
medical community at large must play a role in ensuring
that quality is maximized.

Our recommendations fall into 3 broad categories: (1)
recording of information so that data can be compared,
(2) defining best practices to improve quality and repro-
ducibility, and (3) identifying areas that require additional
research. Only the combined efforts of those who design
assays, design clinical trials, and care for patients will
move RNA-based assays forward in the areas of research
and diagnostics. These recommendations are only one
step on the path to redefining FFPE tissue as an analyte
for molecular assays. Implementation of the recommen-
dations contained in the report is not trivial; however,
these can be carried out and tested in clinical trials. The
following is a step-by-step analysis of the process of tissue
collection, fixation, and processing as it relates to FFPE
tissue.

THE PROCESS OF TISSUE COLLECTION AND
HANDLING

From the Patient to the Laboratory: Issues Impacting
RNA Quality Before Specimen Acquisition by the

Pathology Laboratory
The first steps in the process of sample handling are

challenging to control, but impact the quality of the spec-

imen. These include the times of anesthesia administra-
tion, ligation of vessels, and specimen removal from the
patient.4–6 These factors cannot be strictly controlled be-
cause they impact patient care; however, a detailed re-
cording of these times are an important metric of tissue
quality as they affect the quality of the resultant biomol-
ecules. The most commonly described impact on tissue
quality is the ‘‘warm ischemia time’’ from when the blood
supply is ligated until the specimen is received by the
pathologist for procurement. Ischemia time can vary from
minutes to hours depending on the organ, the surgical
approach, the surgeon, nursing staff, and standard oper-
ating procedures of the institution. Studies have demon-
strated that both RNA and protein changes occur during
this time.4 The magnitude of these changes is poorly un-
derstood. Efforts to shorten, and, at a minimum, to record
this time will allow investigators to determine which
genes are potentially unreliable biomarkers.

We recommend that all protocols include the recording
of the times for the administration of anesthesia, ligation
of the vascular supply, and removal of specimen from the
patient’s body. These times should be included as part of
the record of submission of the surgical specimen to the
pathology department. For biopsies, time of specimen re-
moval should be recorded and communicated to the pa-
thology department.

Tissue Fixation and Tissue Dissection and Preparation
Microscopic examination of ‘‘permanent sections’’ ob-

tained from fixed and embedded tissue is the ‘‘standard
of care.’’ Frozen sections, although used for intraoperative
consultation, are not sufficient for definitive diagnosis.
Preparation of microscopic slides for histopathologic ex-
amination requires the preservation of the tissue through
chemical means by a process called fixation. Fixation is the
first step in tissue processing and is essential.

The manner in which the specimen is prepared has a
dramatic impact on the results.7 The failure to appreciate
and standardize these steps poses problems for the re-
searcher who works with the resultant RNA. The fixation
step entails 3 elements: thickness of tissue, volume of fix-
ative, and time. Failure to optimize all 3 of these elements
results in underfixation or overfixation of the tissue.8,9 In-
completely fixed or overfixed tissue introduces a signifi-
cant source of variability. Both overfixation and underfix-
ation result in degradation of the specimen after paraffin
infiltration, and they hinder diagnosis by the pathologist
by altering histomorphology and immunoreactivity.5 Nu-
cleic acids obtained from both underfixed and overfixed
tissues are suboptimal for molecular analysis. Both of
these conditions result in shorter nucleic acid fragments
upon isolation (F.A.L., M.C., and S.M.H., oral communi-
cation, March 2004).

Formalin penetrates tissue at an average rate of 1 mm/
h,6 but this rate can vary depending on tissue type. Meth-
ods to speed this process have been suggested,10 but they
lack feasibility for widespread use. There is large diversity
in the size of surgical specimens. Needle biopsy specimens
are small and fix rapidly compared to larger, denser tissue
samples, including excisional biopsy specimens and re-
moved organs. Most needle biopsy specimens are about
1.5 mm in diameter and 20 mm in length, whereas exci-
sional specimens range from 1 cm in diameter to larger
diameters for specimens weighing 1 or more kilograms.
The greatest challenge is the fixation of large surgical
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specimens, frequently the ‘‘organ-type’’ specimen. Only a
small portion of these specimens is subjected to micro-
scopic examination. It is essential that these large speci-
mens be immediately dissected and sectioned into appro-
priately sized pieces of tissue to ensure they are properly
fixed. Too often, the entire specimen awaits dissection and
sectioning or is fixed in toto, which results in less than
optimal fixation. The length of time a tissue remains in
fixative has become an issue in sample preparation for
surgical pathology.11 Standard fixation times are a mini-
mum of 5 hours for needle and endoscopic biopsy speci-
mens and 12 or more hours for sections from larger spec-
imens. These times are required for complete fixation of
the specimen.6 There is unjustified pressure to decrease
the time from when tissue is removed until its final di-
agnosis, which puts the quality of histomorphologic di-
agnosis at risk. Reports have described microwave and
ultrasound fixation with a variety of fixatives to speed the
fixation of tissue.6,10 The effects on the recovery of bio-
molecules from specimens exposed to microwaves are not
well documented and require further investigation. Alter-
natively, overfixation, the prolonged exposure of tissue to
formalin, inhibits the recovery of nucleic acids. The con-
ditions that lead to overfixation are less well understood;
however, fixation for more than 36 hours decreases the
quality of biomolecules from FFPE tissue.12

The volume of fixative varies widely during the han-
dling of surgical specimens. The minimum formalin:tissue
ratio is 10:1. Biopsy specimens, especially needle and en-
doscopic, are placed in relatively large volumes of 10%
formalin.6 The volume of fixative is a problem for large
surgical specimens, especially those weighing more than
100 g. Optimally, sections should be taken from the fresh
specimen and allowed to fix after dissection. Unfortunate-
ly, it is a common practice to fix many specimens over-
night to facilitate their dissection or because they arrive
late at the pathology department. The lack of sufficient
fixative presents the same problems as do thicker speci-
mens, both for the diagnosis and the recovery of biomol-
ecules from the specimen. Optimal fixative:specimen ra-
tios are only of benefit if the tissue is sectioned properly.

We recommend that biopsy specimens be placed im-
mediately in fixative and that larger specimens be dis-
sected and sectioned as rapidly as possible to shorten the
‘‘warm ischemic time’’ between removal of specimen from
the patient and fixation. The length of time from specimen
removal to fixation and the time spent in fixative should
be recorded. Fixation times should be standardized to en-
sure adequate fixation of the specimens: for biopsy spec-
imens, 6 to 18 hours, and for surgical specimens, 12 to 36
hours.

Formalin: The Details
The most common fixative is 10% formalin, which is

3.7% formaldehyde in water. Formalin is a 2-phase fixative,
with an initial alcohol fixation phase, followed by a cross-
linking phase mediated by aldehydes. Although a number
of alternative fixatives have been used that provide similar
microscopic features for diagnosis,13,14 formalin has re-
mained the preferred fixative, with a decrease in the use
of alternative fixatives. This dominance is driven by utility
and cost. Many alternative fixatives are poor biomolecule
preservatives (acid-containing fixatives) or else contain
toxic heavy metals (B5 fixative).15 Efforts have been made
to use alcohol-based fixatives,14,16,17 most notably 70% eth-

anol, but fixation artifacts have prevented adaptation of
this approach for all specimens.18

Some researchers have advocated splitting a specimen
into 2 sections and preserving it, either by freezing or fix-
ation and embedding, to optimize the recovery of bio-
molecules. This approach is impractical. Tumors are not
homogenous masses and are often impossible to identify
by gross examination of the unfixed specimen. Without
direct microscopic examination of the tissue specimen
from which nucleic acids are isolated, issues of contami-
nation and/or analysis of inappropriate tissue will limit
applications of this strategy.19 This fact is complicated by
the desire to pursue molecular analysis on smaller lesions,
especially biopsy material. Without complete microscopic
examination of the specimen, the risk for inappropriate/
incomplete diagnosis exists. Many biopsy samples are too
small for reasonable division or for repeated sampling in
biopsies of the breast and prostate.

The last decades have seen the introduction of buffered
formalin preparations. Several different buffers are used,
including calcium carbonate, magnesium carbonate, cit-
rate, Tris, and phosphate buffers (pH � 7.0).20 Formalin
lacking buffer has a limited shelf life and degrades rap-
idly. Data on the different buffers is limited; however,
phosphate-based buffers appear to be superior to other
common formulations for RNA recovery (J.-Y. Chung,
PhD, unpublished data, June 2008). Neutral buffered for-
malin (NBF) has a longer shelf life. Tissue fixed with NBF
yields consistently better quality RNA although good
quality nucleic acids are obtainable from ‘‘freshly’’ pre-
pared 4% paraformaldehyde. Buffers slow, but do not pre-
vent, the degradation of formalin, and degraded formalin
is believed to contribute to the poor quality of nucleic ac-
ids obtained from FFPE tissue. Degradation of NBF is de-
pendent on storage conditions, including light and tem-
perature.

Other elements and compounds can be added to for-
malin, including mercury compounds, zinc, EDTA, eth-
ylene glycol tetraacetic acid (EGTA), and acids. These
should be avoided as they can alter the ion balance in the
tissue and may even impair reverse transcriptase and Taq
polymerase function. The addition of acids for decalcifi-
cation can result in the nicking of nucleic acids, thus re-
ducing the lengths of fragments recovered. Both EDTA
and EGTA have been reported to slow nuclease activity
and can be used as decalcifying agents; however, their
benefits on the recovery of nucleic acids are not well doc-
umented19 and both can impact the analysis of phosphor-
proteins.21 RNAlater (Ambion, Austin, Tex) improves RNA
recovery; however, it cannot be mixed with formalin and
additional time and extensive handling is required when
it is used with fixed tissues.22,23

A challenge underscored by the current literature is the
failure of researchers to adequately investigate the impact
of alternative fixatives and the impact of additives to ex-
isting fixatives on histologic appearance or on the bio-
molecules isolated. For optimal comparisons, NBF should
be used as a reference for histologic appearance and snap-
frozen tissue as a reference for biomolecule quantity and
quality.

We recommend that NBF be used as the routine fixative
and that the buffer used be recorded. Additional research
is required to determine the effects of different buffering
agents. Formalin cannot be regarded as an unimportant
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reagent and its quality should be determined and moni-
tored.

Tissue Processing From Fixative to Paraffin
The process of embedding tissue with paraffin impairs

the recovery of biomolecules but appears to have less im-
pact on their quality, as determined by the process of han-
dling and fixation.12 The general processing steps include
sequential dehydration from an aqueous environment to an
alcohol environment (most often ethanol), subsequent re-
placement by xylene (or xylene substitute) in a process
referred to as clearing, and replacement of the xylene with
paraffin (impregnation). Typically, this process is complete-
ly automated, but it lacks standardization and depends on
the instrumentation, specimens, and reagents used. Qual-
ity of reagents, time, and temperature6 impact sample in-
tegrity. The duration for the complete process can vary
from less than 4 hours to more than 12 hours. It is crucial
that reagents be of high quality and be replaced on a reg-
ular basis. The alcohols and xylenes used in processing
become diluted with carry-over from prior steps; as a re-
sult, tissue processed at a later time may not be completely
dehydrated. The impact of time is similar to that of poor
quality reagents or exhausted reagents. It is essential that
tissue be completely dehydrated during processing, as re-
sidual water will not be replaced by paraffin, thus making
the tissue susceptible to degradation.6 Incomplete dehy-
dration of tissue appears to be compounded by poor fix-
ation. The mechanism is probably related to incomplete
coagulation of proteins; as a result, water gets trapped
within the tissue. Data concerning alternative reagents
and a comparison to the common protocols are lacking.
Controlled studies of alternative alcohols and clearing
agents have not been carried out for the recovery of nu-
cleic acids. Studies on protein suggest that differences do
exist that require modification of downstream protocols.

We recommend that detailed records of processing pro-
cedures be maintained. Details about the times, tempera-
tures, presence of vacuum and instrument type, as well as
the reagents should be included. Accelerated tissue pro-
cessing protocols require adequate studies to measure
their impact on biomolecule recovery and stability. Re-
agent quality and replacement should be monitored. Stud-
ies comparing alternative reagents and processing condi-
tions should be carried out and reported.

The Impact of Paraffin on Fixed Tissues
The paraffins used in impregnation and embedding

vary and are chosen to meet the demands of the individ-
ual laboratory. Paraffins have different melting points and
textures that impact the sectioning characteristics of the
final blocks. Not only are a diversity of paraffins used,
their exact compositions are often proprietary and/or con-
tain beeswax of marked variation.24 Synthetic paraffins
with low melting temperatures (55�C–63�C) are typically
used in the United States and Western Europe. These for-
mulations may contain latex, dimethyl sulfoxide, and pro-
prietary ‘‘plasticizers’’ that modify texture and malleabil-
ity.6 Beeswax, containing pollen and other contaminants,
is routinely used in Eastern Europe, Africa, and South
America to modify the melting temperature and improve
the malleability of poor-quality paraffins. These paraffins
interfere with the recovery of biomolecules.25 The use of
higher-melting-temperature paraffins results in decreased
and inadequate deparaffinization and reduction in the

amount of nucleic acids recovered.23,25 The next step in tis-
sue handling is embedding, the process of surrounding
the paraffin-infused tissue with paraffin so that it can be
easily sectioned on a microtome. Embedding has not been
identified as a key factor impacting the quality of extracted
biomolecules; however, there has been concern about the
use of overly hot paraffins in the embedding process and
their potential for degrading tissue.6

Low-melting-temperature paraffins are recommended
for the impregnation of tissue. The type of paraffin should
be recorded. Avoid the use of additives such as beeswax.

Block Storage and Sectioning
After a piece of tissue has been correctly fixed and pro-

cessed, the block requires proper storage. The conditions
associated with proper storage are simple and best de-
scribed as those of an office-like environment. Humidity
and temperature control are necessary, as storage in ware-
house-like conditions leads to decreased recovery of bio-
molecules. Damage and/or destruction of paraffin blocks
by insects or rodents can occur (S.M.H. and M. Robinow-
itz, MD, oral communication, September 2004).

Once tissue is embedded with paraffin, it appears to be
stable for extended periods. Some investigators have noted
a reduction in the quantity of nucleic acids recovered from
older tissues, on the order of 5% to 50% for each decade
of age.26 It is unclear whether this reduction is a function
of the time the tissue was embedded, the original quality
of tissue processing, or the incremental changes in re-
agents and processes used in fixation. Many groups have
found improved RNA recovery by disposing of the first
sections of the block and using deeper sections for the
isolation of RNA. Many laboratories routinely work with
20-year-old material without any problem,26 and it is not
unusual to encounter material that is older than 50 years.
In fact, nucleic acids have been recovered from pathology
museum specimens dating back to the early 20th century
(Leeds) and to the 1918 flu epidemic.27 The same is true
for recovery of protein epitopes.

Sectioning of the block can increase the risk for impair-
ing the quality of biomolecules, especially the recovery of
nucleic acids. Contamination of specimens with a different
tissue source has been identified by polymerase chain re-
action, although strong data is lacking in this regard.28 The
impact of small amounts (�1%) of contaminants on an
expression array are unknown; however, it is doubtful
they would lead to spurious results. The consensus rec-
ommendation of many investigators is that disposable mi-
crotome blades be replaced when sectioning different
specimens.

Storing unstained microscope slides is much more com-
plex. The literature has extensively demonstrated that pre-
cut sections used for immunohistochemistry can degrade,
even after a short time.25,29,30 There has been controversy
on the mechanism of this degradation, which is probably
a combination of hydration effects and oxidation.25,31 Deg-
radation is markedly worse for poorly fixed and processed
tissue, probably because of residual water in the tissue.6
Refrigeration will not prevent degradation.31 Investigators
have advocated a variety of means for storage of cut sec-
tions. The most common method, dipping the slide in
molten paraffin, is problematic because the paraffin is
challenging to remove. Other investigators store slides un-
der gaseous nitrogen, which displaces both humidity and
oxygen. This method requires special equipment and is
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Table 1. General Recommendations to the
Biomedical Community at Large

● Additional research into the impact of tissue handling must
be carried out to assess both general effects as well as tissue-
specific differences.

● Additional evaluation of different buffering agents in formalin
and their impact on the recovery of nucleic acids should be
investigated.

● Alternative fixation protocols should be investigated to deter-
mine the impact on biomolecules and the equivalency of re-
covered nucleic acids.

● Investigations should be made into the effects of xylene sub-
stitutes and their impact on proteins and nucleic acids.

● Alternative processing systems should be used with caution,
as their impact on the quality of nucleic acids is unknown.
These processing conditions should be specifically docu-
mented. We call on manufacturers to broadly investigate the
impact these instruments and processes have on biomole-
cules. We caution that tissue obtained with these systems
cannot be analyzed by using the same parameters as those
for other formalin-fixed, paraffin-embedded tissue until their
impact is documented.

Table 2. Recommendations on the Annotation,
Handling, Fixation, and Embedding of Tissue

● The times of the administration of anesthesia, ligation of the
vascular supply, and removal of specimen from the patient’s
body should be included in the record of submission of the
surgical specimen to the pathology department. For biopsies,
time of specimen removal from the patient should be record-
ed and transmitted to the pathology department.

● Tissues should be fixed in buffered formalin, with quality-
control procedures in place to prevent the use of degraded
fixative. The type and concentration of buffer and the date
the formalin was prepared should be recorded.

● Specimens must be dissected appropriately to allow adequate
penetration of fixative. Tissue must be properly sectioned be-
fore processing, must weigh �1 g, and must be no larger than
1.5 � 1.5 � 0.4 cm.

● Adequate volumes of fixative are required (a minimum fixa-
tive: tissue ratio of 10:1 with 10 mL of fixative for every gram
of tissue). Tissue must have sufficient time to fix completely:
5 hours for small biopsy specimens (�0.25 g), and 12 or more
hours for larger sections (0.25 to 1.0 g of tissue specimen/
section). Duration of fixation should be recorded, in 2-hour
increments for biopsy specimens, and 4-hour increments for
excisional specimens. Overfixation (�36 h) should be avoid-
ed.

● Tissue must be processed by using appropriate cycles to com-
plete the dehydration process. Large specimens should be
separated from biopsy specimens, if necessary. Processing
times and protocols should be documented. Appropriate re-
agent replacement on automated tissue processors is essen-
tial, and the schedule should be documented.

● The use of low-melting-temperature paraffins is encouraged.
Contamination with beeswax should be avoided. When oth-
er/unknown paraffins are encountered, it should be so noted.
Type of paraffin used and melting point should be docu-
mented.

● Paraffin blocks should be stored in a controlled-temperature
environment, protected from excessive humidity, dryness,
and light. Optimal storage of cut slides is difficult to achieve.
When long-term storage is essential, slides should be stored
in gaseous nitrogen or under vacuum. For slides obtained
from another facility, it is recommended that fresh sections
be requested and used as rapidly as possible.

● Pathology laboratories must document with greater detail the
reagents used and the conditions for tissue fixation and pro-
cessing in the standard operating procedures of the labora-
tory.

not without hazard.29 Some investigators store slides un-
der vacuum. In a worst case situation, slides must be
stored in enclosed slide cases, away from dust and direct
light. Because it is a common practice to provide cut slides
rather than the original block, storage and handling of cut
sections is not a trivial issue.

Many researchers cut paraffin sections and place the
ribbon of paraffin directly in a microcentrifuge tube. This
approach prevents microdissection and can inhibit effi-
cient deparaffinization. When some form of microdissec-
tion is required, the sections must be applied to a solid
support, typically by floating the section in a water bath
to obtain an unwrinkled section. Water baths immediately
introduce water, the enemy to preservation for paraffin-
embedded tissue. Despite concerns that water baths may
become contaminated with RNases, this adverse effect has
yet to be demonstrated. The thickness of the section used
for recovery of nucleic acids appears to have little impact,
and is more a matter of convention. The thickness of sec-
tions typically varies from 4 to 20 �m.

We recommend that fresh sections be cut from blocks
for the isolation of nucleic acids. Blocks require storage in
a temperature- and humidity-controlled environment. Pre-
viously cut sections should be avoided. Disposable micro-
tome blades should be used to prevent cross-contamina-
tion.

CONCLUSIONS

The isolation of RNA from FFPE tissue is feasible. Un-
fortunately, current practices in the biomedical community
vary and lack the standardization required for sensitive
molecular interrogation. Fundamentally, tissue must be
handled in a standardized fashion, similar to how blood
and other body fluids are used in routine clinical assays.
Analysis of tissue has been called cellular chemistry, and a
specimen must meet a specification for the analysis to be
consistent and reliable. Formalin-fixed, paraffin-embed-
ded tissue is not currently handled in a fashion consistent
with the protocols for analytes used in molecular analysis.
Educating the community, including pathologists, clini-
cians and researchers, is essential for bringing RNA-based
assays into the clinical setting (Table 1). Cooperation is

needed to advance the design of protocols to maximize
both research and patient benefit.

The quantity and quality of nucleic acids obtained from
FFPE samples are inferior to those from frozen tissue, but
with appropriate controls, equally important, utility can
be obtained and validated. The recommendations pre-
sented here are congruent with those of other groups ex-
amining the handling of tissue for molecular assays and
can be implemented without great effort by anatomic pa-
thology departments in the United States or Western Eu-
rope. The general recommendations on tissue handling
and fixation do not represent a departure from current
recommendations (Table 2). Although the steps for record-
ing information are new (Table 3), they should not be
problematic to implement with the advent of computer-
ized medical care, even if a reporting standard must be
developed. Implementation carries a cost. Therefore, new
economic models must be sought that will compensate for
the cost associated with the improved quality of biospe-
cimens as an element of improved personalized diagnos-
tics. There is no point in investing in predictive assays if
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Table 3. Parameters to be Reported for Results
Obtained With Nucleic Acids Recovered From

Formalin-Fixed, Paraffin-Embedded Tissue

Fresh specimens
Date and time the specimen was removed from the patient

If devitalization of specimen (removal of blood supply)
occurred more than 15 min before its removal from the
patient, this additional information should be recorded

Date and time the specimen was received in the pathology
department

Date and time the specimen was examined and prepared
for fixation and processing by the pathologist or pathol-
ogy assistant

Biopsy specimens
Date and time biopsy was performed and specimen was

placed in fixative
Date and time biopsy specimen was received in the pathol-

ogy department

All specimens
Fixative: type, concentration, and buffering agents
Total duration of fixation
Details of tissue processing conditions

Reagents and times spent in each reagent on the tissue
processor

Type of tissue processor
Presence of heat, vacuum, or other elements of tissue

processing (microwave, ultrasound)
Date tissue block was prepared
Conditions of block storage
Presence or absence of precautionary measures to avoid

contamination by RNases during sectioning
Date the slide was prepared

the quality of the analyte is such that the assay is irrepro-
ducible.32,33

Different analytic approaches use different specifica-
tions for the quality of RNA suitable for analysis. Funda-
mentally, these issues concern transcript copy number and
RNA integrity. Efforts are underway to better quantify
these differences and to provide guidance on these is-
sues.34 Different endogenous factors impact RNA quality
in tissue because of the presence of degradative enzymes,
especially in pancreas, liver, and stomach. This fact em-
phasizes the importance of time in tissue handling and
processing.33 Further complicating these issues are the in-
herent complexity of tissue and the desire/need of some
investigators to perform cell-type analysis, which requires
some means of microdissection or in situ analysis.

Although frozen tissue is the gold standard for the iso-
lation of biomolecules, the proposal of Medeiros et al35 for
creation of tissue banks with storage at �80�C is imprac-
tical for routine clinical care. Storage in mechanical freez-
ers at �80�C is inadequate to maintain RNA integrity for
long periods.23 Storage and retrieval in vapor-phase liquid
nitrogen freezers are expensive and technically compli-
cated. These approaches cannot be implemented without
significant cost to community hospitals and clinics, where
most specimens are obtained. We anticipate that the dis-
covery of new biomarkers from frozen tissue will continue,
but that widespread use of these new biomarkers will re-
quire their application to FFPE samples. One challenge is
anticipating which samples will be required for molecular
analysis and in which time frame. Utilization of frozen
tissue banks to address these molecular diagnostic issues
is difficult at the current time, when less than 0.1% of
specimens are subjected to molecular diagnostics. It is im-

possible to predict the diagnosis of a specimen or its ul-
timate requirement for a molecular diagnostic analysis be-
fore it receives a histopathologic diagnosis.

We believe that by better defining the process, setting
specifications, and approaching tissue as an analyte for
molecular analysis, the quality and reproducibility of
RNA recovered from FFPE tissue will be enhanced, en-
abling nucleic acid–based biomarker discovery and vali-
dation. Working groups, such as ours, have already had
an important impact on improving the quality of expres-
sion analysis and have provided a clear path toward its
integration into clinical care.34,36 Numerous groups have
examined the processing of clinical tissue samples, and
our recommendations are, in general, congruent with their
findings. The goal is a single set of standards that provides
a high-quality specimen for molecular analysis. Other
groups that are actively examining these issues include the
College of American Pathologists, the Clinical and Labo-
ratory Standards Institute, as well as other ad hoc groups
interested in immunohistochemistry. The National Cancer
Institute is addressing these issues through the Office
of Biorepositories and Biospecimen Research (http://
biospecimens.cancer.gov, accessed June 24, 2008). New
guidelines for tissue collection in clinical trials for breast
cancer have been codeveloped by the Breast International
Group and the National Cancer Institute.37 One possible
benefit derived from these efforts is the creation of refer-
ences and standards that will allow investigators to better
compare new approaches in tissue handling and prepa-
ration, as well as the impact of new isolation and analytic
methods. Already some progress has been made by the
MicroArray Quality Control project in comparing analytic
methods.34

We encourage a standardized approach for reporting
these metrics and hope it will be adopted and in wide-
spread use. Inclusion of these checklists in clinical trial
design will further our knowledge and hopefully lead to
validated biomarkers of disease. Specification of tissue
handling, fixation, and processing beyond the ‘‘standard
protocol’’ will enhance quality. The biomedical commu-
nity will benefit from additional recommendations based
on research results demonstrating the quality of nucleic
acids recovered from FFPE tissues. Issues regarding data
analysis and subsequent recommendations specific to
FFPE tissue–based assays need to be addressed. Many
groups are currently working on overcoming the chal-
lenges posed by expression assays from FFPE tissue, and
we anticipate that the body of knowledge on this impor-
tant topic will continue to grow.

The quality of nucleic acids isolated from FFPE tissue
will never match that of their counterparts recovered from
fresh/frozen tissue; however, that is not the goal. The goal
is to isolate nucleic acids that will provide the analyte for
a new family of medical diagnostics.37 This is feasible al-
though many questions remain to be addressed. For in-
stance, how to analyze FFPE-derived RNA remains an
open question.
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