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. Prognostic factors are necessary for determining wheth-
er a patient will require therapy, for selecting the optimal
therapy, and for evaluating the effectiveness of the therapy
chosen. Research in prognostic factors has been hampered
by long waiting times and a paucity of outcomes. Specimen
banks can solve these problems, but their implementation
and use give rise to many important and complex issues.
This paper presents an overview of some of the issues reo
lated to the use of specimen banks in prognostic factor
research.

(Arch Patho/ Lab Med. 1998;122:871-874)

P rognostic factors are important for assessing the natu-
ral history of cancer, for selecting the optimal therapy,

and for evaluating the effectiveness of treatment} Two is-
sues are central to the evaluation of prognostic factors. The
first concerns the time from diagnosis to the analysis of
outcomes (eg, mortality). The longer this interval is, the
longer the prediction time interval becomes. To provide,
for example, 10-year survival predictions, a patient pop-
ulation must be followed for 10 years. The 10-year infor-
mation is used to assess the predictive accuracy of a prog-
nostic factor and to provide 10-year outcome predictions
to future patients. The second issue is the accrual of a
sufficient number of outcomes so that the assessment of
the factor is statistically reliable. Reliable means that a sim-
ilar result would be observed if the analysis were repeat-
ed.

A human specimen bank that contains abnormal and
normal tissue, white cells, serum, and plasma facilitates
prognostic factor research because it eliminates the wait-
ing time problem and the outcome accrual problem by
collecting specimens from a defined patient population
and following the patient population for a sufficient num-
ber of years. When a new putative prognostic factor is
discovered, the stored material can be used to assess its
predictive power.

Because specimen banks have all the difficulties of tra-
ditional data analysis as well as new difficulties, the de-
velopment of a well-designed and useful specimen bank

presents formidable challenges, especially for prognostic
factor research. Furthermore, because specimen banks
wait in silence for future use, an initial error may not be-
come apparent for many years.

Although specimen banks will prove extremely useful,
they do not solve the problem of how to validate a putative
prognostic factor for a new therapy, that is, for a therapy
that is not represented in the specimen bank population,
nor do they solve the problem of the absence of agreed
upon methods for validating prognostic factors and a con-
sequent inability to replicate results.

Specimen banks are most commonly created for cancers
whose initial therapy is surgical resection of the tumor.
Specimen banks often collect more than the primary tu-
mor. At surgery, blood, adjacent "normal" tissue, and met-
astatic tissue may also be collected. Although difficult and
sometimes not feasible, blood should be collected after
surgical therapy at regular intervals over many years and,
if possible, tissue should be collected at recurrence, in-
cluding from metastases, to assess a prognostic factor's
predictive ability over time.

Clinical follow-up information and status, which are
critical data for prognostic factor research, should be col-
lected regularly, and investigators who have used the
specimen bank should regularly update their data sets. A
mechanism should exist for tracking patients who change
physicians, move, or who for any other reason are lost to
follow-up. Specimen banks for relatively slow-growing tu-
mors (eg, breast and prostate cancer) and for rare tumors
should be maintained for at least 20 years and preferably
longer. Computer-based databases should be created and
maintained for the life of the specimen bank.

A specimen bank must provide investigators with the
relevant information regarding its data and tissue so that
investigators can decide whether the tissue is appropriate
for their task. Because tissue is to be distributed to many
investigators for different purposes, the specimen bank's
collection and reporting methods are critical. The better
the specimen collection and reporting methods are, the
more effectively the specimen bank can be used.

What follows is an overview of some of the important
issues related to the use of specimen banks for prognostic
factor research. Many of these issues are difficult to deal
with and expensive to solve, and some may be insoluble,
but they must be explicitly recognized by those creating
and maintaining specimen banks.

MULTI-INSTITUTION COLLECTION

It has been the common practice of cancer investigators
to collect and store human tissue for their own research.
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resentativeness, since a bias in patient selection may yield
results that are not generalizable. Sometimes a bias is mi-
nor and can be ignored, sometimes it is major but can be
dealt with in terms of a reasonable assumption, and some-
times it is major and cannot be dealt with. In the last case,
the investigator may wish to explore other more represen-
tative specimen banks. For example, tissue could be col-
lected from a special group of women, and the frequency
of BRCAl mutations could be determined and related to
the incidence of breast cancer in that special population.
It cannot be assumed, however, that the same quantitative
relationship will hold true for all populations of women.

Population representativeness depends on many factors.
One factor is the recruitment of patients. For example, clin-
ical trials rarely provide a representative population of
cancer patients because their entry criteria usually exclude
certain patient groups. Thus, clinical trial populations are
usually a biased sample because their entry criteria op-
erate as a selection bias mechanism. This mechanism can
limit the generalizability of the prognostic factor results.
If an investigator expects the prognostic factor results to
apply only to the patients that met the clinical trial's entry
criteria, that is, to be in a position to perform only con-
ditional prediction tasks, then the analysis may proceed.
If the investigator expects the study results to apply to all
the patients, however, additional assessment should be
performed to determine if this generalization is reasonable
given the study being contemplated. For example, for a
study performed in a single institution, the investigator
can determine whether the institution's patient population
is representative of a more general patient population by
comparing the characteristics of the institution's patient
population with those of the larger patient population.

Patient populations may be biased by the method used
for identifying incident cases. For example, some collection
methods miss, in a nonrandom manner, approximately
18% of incident cases.7 Patient populations may be biased
by the clinical setting in which the cases are detected. For
example, it is known that there are differences in the TNM
stage frequencies reported by different types of hospitals.s
Patient populations may be biased by where the patients
are treated. Oncology clinic populations may differ from
hospital populations. For example, in situ cancers may be
more common in oncology clinics than in hospitals.7 Pa-
tient populations may be biased by not distinguishing be-
tween incident and prevalent cases because prevalence de-
pends on survival.7 Patient populations may be biased by
the incomplete collection of representative patient data.
For example, incompleteness is an issue in data sets that
have not existed for at least 40 to 50 years because the
sample is not representative of the full spectrum of prev-
alent cases.9 Finally, definitions may change over time. For
example, changes in the TNM variable definitions10-14
make it difficult to compare outcomes in terms of extent
of disease}5
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The collecting investigator usually knows the characteris-
tics of the patient population (including demographic and
clinical data, treatment, and outcome) and of the tissue
acquisition, storage, and retrieval process, and therefore
the strengths and limitations of the specimen bank. To
hasten the evaluation of molecular genetic putative prog-
nostic factors, granting agencies have recently been pro-
viding funds for the coordinated collection and storage of
human tissue from large numbers of patients.z,3 For breast
cancer alone there are currently at least 57 specimen
banks} Because of the number of patients required, these
specimen acquisition efforts usually involve multiple in-
vestigators and multiple institutions.

An essential difference between multi-investigator, mul-
ti-institutional specimen banks and individual investigator
specimen banks is that the investigators using multi-insti-
tutional specimen banks must rely on patient information
and tissue supplied by the specimen bank. These investi-
gators need detailed information regarding the patient se-
lection criteria; demographic and clinical variable defini-
tions; data acquisition methods; data coding system; tissue
acquisition technique; and tissue preparation, storage, and
retrieval methodology. Effective use of the tissue depends
critically on the ability of the specimen bank to acquire,
organize, and disseminate this information accurately and
in a timely manner and, where possible, to standardize
the patient acquisition, tissue collection, and clinical re-
porting process across collecting institutions to reduce in-
terinstitutional variance.

A central issue for multi-institutional specimen banks is
uniformity of methods. Surgical technique, specimen han-
dling, tissue preparation, and quality assurance should be
as uniform as possible across physicians and institutions.
Some degree of standardization can be achieved by stan-
dardized procedures and training programs. Most cancer
prognostic factors, including new molecular-genetic fac-
tors, are relatively weak predictors.s Therefore, the less
uniformity that exists among institutions, the greater the
loss of prognostic power and the greater the likelihood is
that a strong factor will become weak and that a factor
that is important for a small number of patients will be
lost. It is through the combination of relatively weak fac-
tors in prognostic models that accurate predictions be-
come possible}

For multi-institutional data, the agreement among insti-
tutions in terms of clinical and laboratory variables and
tissue characteristics should be assessed and reported to
investigators. For continuous variables (eg, tumor size), a
measure of central tendency, such as the mean (if the vari-
able is normally distributed), and its variance should be
calculated and the statistical differences assessed. For cat-
egorical variables (eg, race), the x2 statistic can be calcu-
lated, and for ratings, Cohen's K statistic6 can be calculated.
If there is high interinstitutional variance, an investigator
may, depending on the research issue and study design,
restrict the source of tissue to one institution or to certain
variables.

VARIABLE DEFINITIONS AND CODING
It is a nontrivial task to standardize the definition and

coding of the clinical variables essential for prognostic fac-
tor researm. Tumor registrars, for example, continue to
refine the definitions and coding of the commonly col-
lected variables. Prior to any data or tissue collection, rep-
resentatives from eam collecting institution should agree
on a list of variables to be collected and create explicit
definitions and a coding system for eam variable. As the
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PATIENT SELECTION
The representativeness of a population of cancer pa-

tients is of vital importance because it determines the ge-
neralizability of the research results. For this reason, pa-
tient representativeness information should be provided to
investigators prior to the use of the tissue. An unbiased
patient selection process is necessary for population rep-
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specimens are collected and stored, an active quality as-
surance process should be in place at each institution. The
quality assurance process will determine whether the def-
initions and coding system are being followed, and if not,
whether to increase institutional vigilance or change the
definitions and coding so that they can be adhered to.

DATA ACQUISITION METHODS

There are 3 data acquisition problems. The least difficult
is the veracity of the original data source and the data
entry. These errors include either incorrect entry of patient
data in the patient's medical record or an error by the data
collector. Data entry errors can be minimized through
proper quality control. Two more difficult problems are
missing data, that is, unknown variable values, and pa-
tients lost to follow-up, a type of censoring.

If a data set contains nonrandomly missing variable
data;6 then the missing data mechanism should be ex-
plicitly considered}7 For example, in the National Cancer
Data Base data set for the year 1983 with follow-up until
1990, of the 19147 cases listed, only 10357 are TNM
staged (H.B.B., unpublished data, 1997). An investigator
using tissue from these cases would have to ascertain
whether the unstaged cases are the "same" as the staged
cases. The missing values for some variables should be
reacquired, while those of other variables should be filled
in, depending on the importance of the variable. Basic in-
formation that should be included in the data set, such as
therapy, can be easily lost,7 and that type of data should
be recaptured. If missing data are to be filled in, Little
and Rubin's17 book should be consulted.

Censoring (eg, patients lost to follow-up) is of critical
-- -- to investigators because the primary purpose
the specimen bank is to provide outcome information

, is useful for prognostic factor research. The 8-year
.. ---~- rate in the 1983 National Cancer Data Base data
J is m;{re than 25% (unpublished data). Censored cases

, have a less favorable outcome than noncensored
I - __.~lB Consequently, investigators should be informed

the specimen bank's censoring rate. If it is high (eg,
than the 5% observed in the Surveillance, Epide-

miology, and End Results [SEER] Program19), measures
should be taken to systematically recapture these patients
or the censoring mechanism should be explicitly consid-
ered. In addition, all patient variables should be compared
with existing national databases. For example, the SEER
Program reports an 84% 5-year survival rate;9 and the
National Cancer Data Base reports a si~ilar 80% 5-year
survival rate for patients with breast cancer (unpublished
data). A survival rate in this range should be observed in
breast cancer specimen banks. Using the existence of out-
come data as a criterion for tissue selection by an inves-
tigator would not be appropriate if the patients who were
lost to follow-up were lost because of their disease. In oth-
er words, if patients were lost because they were too sick,
then selecting only those patients who were followed
could bias a prognostic factor analysis.

It should be noted that there can be problems with sur-
vival estimation if the ascertainment of vital status is not
random}O Finally, using cancer-specific survival as an out-
come may be problematic because it assumes (1) that phy-
sicians accurately code death certificates and (2) that every
patient dies of a single identifiable disease that can be cor-
rectly ascertained without autopsy. These assumptions are
doubtful in the real world of competing risks.21
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TISSUE ACQUISITION, PREPARATION,
STORAGE, AND RETRIEVAL

In addition to clinical data collection, there are impor-
tant issues related to tissue acquisition, preparation, stor-
age, and retrieval. The manner in which the tissue has
been collected, classified, stored, and retrieved may limit
the types of studies that can be conducted or the i'yield"
of the tissue, or may affect the results of the study.22-24 For
each case, a sufficient amount of tumor should be available
to investigators. If appropriate and possible, matching
nonneoplastic tissue should accompany the tumor speci-
men. Because cellular degradation begins soon after re-
moval, specimens should be kept as cool as possible and

processed rapidly.
The 2 most common types of tissue processing are

freezing and formalin/paraffin. Each has advantages and
disadvantages for molecular genetic analysis. Ideally; tis-
sue should be snap-frozen in liquid nitrogen as soon as
possible after excision and should be stored at - 70°C?5

Delays in freezing or inadequate freezing can result in
artifactual genetic changes. Some analyses can only be
performed on frozen tissue. For example, if the concor-
dance between abnormalities detected by immunohisto-
chemistry and cDNA is important, then, depending on the
antigen, paraffin-embedded, formalin-fixed tissue may
not be usefu1?6 Frozen tissue allows the polymerase chain
reaction to be carried out on long stretches of DNA (1000
base pairs), since the DNA remains intact. Unfortunately,
frozen tissue is difficult to handle, expensive to store, hard
to provide in small amounts, and difficult to distribute to
multiple investigators?7 Procedures for processing tissue
for molecular pathology have been published.28

For routine pathologic examination, tissues are usually
fixed in formalin, dehydrated, and embedded in paraffin.
Formalin forms cross-links between the reactive amine
groups on adjacent proteins and between DNA and pro-
teins, which makes the DNA rigid. Because of its rigid
structure, subsequent tissue processing may cause frag-
mentation of the DNA. With conventional 10% formalin
fixation, numerous variables are involved, including the
duration of fixation, days in fixation that may result in
DNA fragmentation by nucleases, size of the tissue, fixa-
tion gradients, and pH. These variables are difficult to
standardize across institutions?9

Polymerase chain reaction amplification studies may be
performed on archival formalin-fixed tissue even after
years of storage.30-32 In contrast to the situation with frozen
tissue,33 the restriction fragments will be relatively small,
usually 100 to 300 base pairs in length. Cross-linking of
the DNA can interfere with hybridization.22 However, in
spite of these effects of fixation, experience indicates that
archived tissue is an invaluable resource for research in
molecular genetics. Investigators have reported successful
amplification of DNA extracted from 40-year-old speci-
mens.34 Fixatives that contain heavy metals, such as zinc
or mercury (Zenker's fixative), will destroy DNA and are
not suitable for tissue that is destined for DNA analysis.
There is evidence that fixation in nonbuffered formalin
may also degrade DNA.35 The labile nature of RNA makes
it difficult to recover in formalin-fixed tissue. Therefore,
investigators interested in mRNA should use specimen
banks that have the relevant cDNA library or that contain
frozen tissue.

Highly suitable for tissue banks, immunohistochemical
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methods can be used to detect the presence of specific
gene products in tissue sections. For some antigens that
deteriorate, the proper storage of tissues for subsequent
immunohistochemistry is critical. Inappropriate fixation
and tissue processing can affect the results as much as the
variation in the antibody.29 Fixed tissue may be stored as
unstained cut sections mounted on glass slides or in par-
affin blocks. Fixed tissues cut into sections, mounted on
slides, and stored unstained may not always be suitable
for immunohistochemistry. It has been shown, for exam-
ple, that immunostaining intensity for p53 and other an-
tigens will decay over time if the sections are cut from
paraffin-embedded tissue and stored unstained on glass
slides.36.37 On the other hand, antigens usually do not de-
cay if tissues are maintained in paraffin blocks. There is
no decline in p53 staining intensity in tissues stored in
paraffin blocks for more than 13 years.38

COMMENT

Prognostic factors are necessary for determining wheth-
er a patient will require therapy, for selecting the optimal
therapy, and for evaluating the effectiveness of the thera-
py. Research in prognostic factors has been hampered by
long waiting times and a paucity of outcomes. Although
the implementation and use of specimen banks give rise
to many important and complex issues, including the pos-
sibility of population biases and problems related to spec-
imen handling, storage, and retrieval, specimen banks, be-
cause they solve the problems of prediction time and re-
liability, are a major advance in the field of prognostic
factor research.
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