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Abstract—During the past 20 years, we have witnessed a progressive radical change in the role of
the pathologist vis a vis several aspects of clinical oncology. From the traditional description by
light microscopy of resected specimens and study of tumor classifications, the modern pathologist has
expanded his domain of action which now results in deeper and more effective interactions with the
surgeon, radiotherapist and medical oncologist. The wide application of fine-needle biopsy has
substantially improved early diagnosis of primary neoplasms and local and distant recurrences. The
histogenetic classification based on type of tissue formed by the tumor rather than type of tissue from
which tumor arises, the results of pathologic staging as well as the degree of tumor cell necrosis
JSollowing primary chemotherapy are now being correlated with treatment outcome. The assessment
of tumor grade and ploidy can allow more accurate selection of patient subgroups at high risk of
early relapse. Last but not least, the morphologic recognition of certain types of iatrogenic morbidity
helps in the reassessment of given drug combinations. During the past decade, pathologists have
contributed to the development of several new investigative techniques whose first applications, in
most instances, were in laboratories dedicated to basic research. More recently, some pathologists
have begun to explore the feasibility of applying these same techniques to clinical cancer research.
Modern sophisticated technology, including flow cytometry, immunohistochemistry and monoclonal
antibodies, can now provide research physicians with important prognostic indicators such as tumor
cell proliferative activity, steroid receptor status, occult distant micrometastases, immunologic
phenotypes and gene amplification. By fulfilling several new tasks, which have contributed to the
knowledge of the natural history of many tumors, the pathologist has become an integral part of the
team planning new treatment strategies and evaluating their final outcome.

Institute, Milan, Italy

INTRODUCTION
FroMm the early seventies, progress in treatment
strategy and results for many tumors have more
deeply involved the pathologist in the clinical set-
ting. Almost at the same time, the beginning of large
scale randomized clinical trials required a number of
morphological prognostic indicators for stratifying
patients, including tumor subtype and grade, as
well as the exact number of histologically involved
regional nodes. The retrospective evaluation of suc-
cesses and failures in treatment studies has stimu-
lated clinicians to become more demanding about
the identification of new prognostic discriminants;
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furthermore, both pathologists and research phys-
icians began to question the definite limitation
of tumor diagnosis, using the light microscope as
research tool. In fact, what can be done has been
done in the past. Because of this, some pathologists
have begun to consider new ways of using their
discipline’s special talents to participate in clinical
cancer research.

Today, advances in molecular biology and immu-
nology have provided the pathologist with powerful
new tools to enhance morphological and clinical
laboratory diagnosis. The objective of this review is
not to summarize all the complicated and esoteric
tests which can be available in a specialized refer-
ence laboratory [1-53]. Our intent is to illustrate
the modern tasks of the pathologist involved with
neoplastic diseases including the essential infor-
mation about new laboratory technologies which
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can have a distinct, specific clinical focus. The
results of these technologies should now be available
in most medical communities and can be transferred
into clinical practice to improve prognosis and
treatment decision making. Molecular biology,
which will become crucial in the near future to every
aspect of patient management, should at present be
confined to research centers.

THE PATHOLOGIST’S RESPONSIBILITIES
AS A FUNCTION OF PROGNOSIS

In the field of modern oncology, the pathologist
must fulfill the tasks listed in Table 1 to provide
clinicians with morphological elements useful for
identifying prognostic subsets. The key points of
new responsibilities will be briefly discussed in the
following paragraphs.

Tumor subtypes

Although it has been clear for a long time that
the microscopic diagnosis of cancer is frequently not
a black and white decision and the classification of
certain malignancies is particularly difficult, it is
still important to make all possible efforts to identify
tumor subtypes because this is often an important
prognostic factor influencing treatment strategy.
Just as an example, we would stress the complex
group of non-Hodgkin’s lymphomas, where cell type
indicates to clinicians the tumors which should be
aggressively treated with potential for cure [6, 7].
Among the solid tumors, a good example is provided
by lung cancer since patients with the small cell
subtype are not candidates for primary surgery and
10-15% of cases are now potentially curable with
modern intensive chemotherapy [8]. The role of
immunohistochemistry in improving diagnostic
accuracy will be discussed in the second part of this
review.

Tumor grade

Pathologists have known for about a century that
the more mitotic figures and degree of anaplasia in
a surgical specimen, the more likely the tumor is to
exhibit aggressive behavior. For this reason, over
the years several types of tumor grading have been

Table 1. The pathologist’s classical tasks in assessing tumor
prognosis

Establish definitive diagnosis and classify tumor subtype

Assign a tumor grade

Evaluate the local and regional spread within resection
specimens

Establish the presence or absence of residual neoplastic disease
following invasive methods

Establish definitive diagnosis of local and distant recurrence

Evaluate type and degree of iatrogenic morbidity

proposed and utilized. Tumor grade consists of
three major components, i.e. histologic grade,
nuclear grade and mitotic grade. The final grade is
determined by adding points for each of the three
parameters. A major criticism of tumor grading
systems has always been the issue of interobserver
reproducibility. However, besides its inherent sub-
jectivity, the limit of tumor grading may be due to a
number of factors, such as lack of a considerable
degree of practice on large sample size, the use of
different grading systems and the fact that other
variables not assessed by grading contribute inde-
pendent prognostic information.

During the past decade, tumor grade has been
documented as of particular prognostic importance
in soft tissue sarcomas, osteosarcoma, breast and
endometrial cancers. In soft tissue sarcomas, the
results of the National Cancer Institute (NCI) led
to the establishment of a grading system based on
histologic type and extent of necrosis. Determi-
nation of the histologic type allows identification of
a group of lesions with minimal metastatic potential
(grade 1), and assessment of the extent of necrosis
allows discrimination of the aggressive lesions into
two groups: one with good patient survival {grade
2) and one with poor patient survival. The NCI
grading of the primary tumor appears to be valuable
in predicting the prognosis after the first recurrence
(local or distant) independently of tumor size, age,
sex or the effectiveness of therapy to render the
patient free of disease [9]. Osteosarcoma (OS) is not
a uniform or single entity; rather, it is a term that
identifies a group of lesions having different natural
histories [9]. Most cases of conventional intramedul-
lary OS are grade 4 lesions; hence, there is little
utility in cytologic grading. However, the definition
of prognostically significant varieties includes the
notion of cytologic grade, e.g. low-grade parosteal
OS or high-grade surface OS. After the patient has
received preoperative chemotherapy, the pathol-
ogist evaluates the response of the tumor in a
resected specimen by estimating the proportion of
tumor that has undergone necrosis. Patients are
placed in three categories that represent degree
of response (>90% tumor necrosis, 90-60% and
<60%).

The 3-year relapse free survival in the three
histopathologic categories is >60%, 40-60% and
<40%, respectively. A lack of significant induced
tumor necrosis is interpreted as drug resistance of
most tumor cells and indicates the need to use
different chemotherapeutic agents in the postoperat-
ive phase.

In breast cancer, a number of pathologic studies
revealed a significantly greater number of well
differentiated tumors in older (=50 years) than in
younger (<49 years) patients. This finding corre-
lates with the well recognized observation of a
greater incidence of estrogen receptor (ER)-positive
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tumors in older women. Indeed, a strong association
between ER status and degree of tumor differen-
tiation has been observed. As reported in a recent
review paper {10], in spite of the different methods
utilized in assessing tubule structures of the neoplas-
tic cells, irregularity of the cancer cell nuclei and
the number of cells in mitosis, the common finding
reported by all authors is that the degree of tumor
differentiation also significantly affects the 5- and
10-year relapse-free and total survival rates in
women subjected to adjuvant chemotherapy or
endocrine therapy. The histologic grade of endo-
metrial carcinoma was shown to influence clinical
outcome in a number of clinical studies. Recently,
Khushbakat et al. [11] have reported that both the
FIGO (International Federation of Gynecology and
Obstetrics) and nuclear grading systems correlated
with the 5-year mortality rate from cancer: nuclear
grade 3 proved to be a superior predictor of fatal
outcome (69% ) over FIGO grade 3 (31%).

Staging and restaging

From the clinical point of view, staging systems
are the means to accurately document the extent
of anatomic disease to indicate the prognosis of
individual patient subsets and to facilitate the com-
parison of results between treatment methods and
between centers. From the scientific point of view,
staging systems are the means of stratifying patients
in a study to provide a proper balance of known
prognostic factors when two different treatments
are compared in a prospective randomized trial.
Staging systems are not static: as knowledge is
accrued on the natural history, patterns of extension
and response to treatment, they require revision.
No clinically practical staging system can be applied
easily in every tumor because of the unique features
of the malignant process in the individual patient.

Thanks to the progress made with radiotherapy
and chemotherapy, clinical staging has been
replaced by pathologic staging in given tumors.
Through invasive procedures (fine needle aspiration
biopsy, laparoscopy, and laparotomy) prior to treat-
ment decision making, clinicians provide the pathol-
ogist with tissue samples from anatomic areas at
high risk of micrometastatic involvement. The most
classical examples arc represented by malignant
lymphomas, small cell carcinoma of the lung and
ovarian cancer. In the first two malignancies the
most important high risk organs to be explored
prior to treatment are liver and bone marrow while
in ovarian cancer prognosis is influenced by the
amount of tumor spread within the abdominal
cavity including the liver. It is well known that
in malignant lymphomas, particularly Hodgkin’s
disease, treatment strategy and prognosis are differ-
ent between stage I-II and stage I1I-IV discase
[12] while the 3-year median survival in small cell
lung cancer varies from 17 months for intrathoracic

disease to 5 months for patients with disseminated
tumors [8]. In both diseases, if patients are con-
sidered to be in clinical complete remission, patho-
logic restaging is highly recommended by repeating
the biopsy of anatomic sites which were histolog-
ically positive prior to treatment to ensure that
complete response has been attained. Restaging
{second look) laparotomy is particularly important
in ovarian cancer to surgically document complete
remissions, for both success of drug therapy and
prognosis are largely influenced by the size of
residual tumor masses, i.e. <2 cm vs. 22 cm [13].

In the above mentioned malignancies the task of
the pathologist is to carefully evaluate whether the
surgical specimens contain tumor cells or are disease
free. Diagnosis can at times be difficult because
specimens are often very small, tumor and non-
neoplastic lesions are intermixed and the lymph
node pattern following lymphography may be dis-
torted by the dye. Typical is the case of patients
with Hodgkin’s disease undergoing biopsy because
of stable residual masses following intensive treat-
ment. In most patients the histologic appearance is
characterized by acellular to oligocellular hyalinized
masses with a nodular configuration without evi-
dence of Hodgkin’s disease. The nodular pattern is
believed to reflect the remaining sclerotic framework
of nodular sclerosis subtype showing the effects of
therapy [14].

The thorough pathological evaluation of the surg-
ically removed specimen remains very important in
assessing prognosis and helps in the selection of
patients for systemic adjuvant therapy. Well-known
examples are provided by breast cancer, malignant
melanoma, testicular tumors, gastric and colo-rectal
cancers [15-17]. Pathological discriminants are
intra- and peritumoral vascular infiltration, the
number of positive regional lymph nodes, the depth
of tumor invasion and the characteristics of the
invasive margins. Worthy of note are two recent
publications on prognostic discriminants for stage 1
testicular cancer [18] and malignant melanoma
[19]. In non-seminomatous germ-cell testicular can-
cer treated by orchidectomy alone, four histopatho-
logic features independently predicted relapses:
invasion of testicular veins, invasion of testicular
lymphatics, absence of yolk-sac elements and pres-
ence of undifferentiated tumors. In cutaneous malig-
nant melanoma, the prognostic value of the histo-
logic criteria introduced by Clark {20] and Breslow
[21] remain the basis for the current trend towards
more conservative surgery: in patients with primary
lesions thinner than 1 mm the narrow excision is a
safe and effective procedure.

Iatrogenic morbidity

The widespread use of intensive drug treatment
alone or combined with radiation is gradually
revealing some important types of organ damage
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Table 2. Examples of malignancies in
which tumor subtype and/or tumor grade
influence prognosis and/or treatment strategy

Acute leukemias
Non-Hodgkin’s lymphomas
Soft tissue sarcomas
Osteosarcoma

Wilms’ tumor

Brain tumors
Testicular tumors
Lung carcinoma

Breast carcinoma
Ovarian carcinoma
Endometrial carcinoma
Bladder carcinoma
Thyroid carcinoma

which are listed in part in Tables 3 and 4 [22, 30].
Most of the findings related to delayed toxicity,
including the onset of second neoplasms, were docu-
mented in patients with Hodgkin’s disease [31]
because they represent successfully treated patients
followed for long periods of time. In given situations
the contribution of the pathologist can be of great
help to clinicians. A detailed report about treatment
effects on various organs and tissues is out of the
context of the present review. Depending on the
anatomic site of the target organ, the morphologic
damage can be identified ante mortem through biopsy,
thus indicating immediate discontinuation of the
offending drug. In many situations the degree of
toxic findings can be documented only at autopsy
and their retrospective association to specific drugs,
doses or schedules may allow clinicians to anticipate
and prevent them.

The problem of treatment-induced second neo-
plasms deserves a brief comment. The increased
risk of developing acute non-lymphocytic leukemia
(ANLL) following treatment for Hodgkin’s disease
was observed early in the intensive treatment era
[31]. The precise actuarial risk was defined about
10 years ago and has since been documented in
several large series [32-34]. At the completion of
combination chemotherapy alone, the overall risk
within 10 years is 3-4%, but the risk increases
considerably (215% ) when patients are subjected to
intensive large-field irradiation plus chemotherapy
(particularly salvage chemotherapy in patients
relapsing from primary radiotherapy) or in subjects
older than 40 years at the time of drug treatment.
Secondary malignancy after cytotoxic treatment is
now presenting an evolving picture. First of all,
high-grade non-Hodgkin’s lymphomas have been
described in 1-5% of patients with Hodgkin’s dis-
ease [33, 34], ANLL was reported to occur in
neoplasms other than Hodgkins’s disease [35-38]
and various types of solid tumors, particularly lung
cancer, carcinoma of urinary bladder, bone and soft
tissue sarcomas are being progressively identified

in patients cured of their malignant lymphoma
[39—41]. It is important to point out that the
actuarial risk of solid tumors at 10 years exceeds
that of leukemia and the risk of developing a second-
ary solid tumor is continuing to increase beyond 10
years (a finding not seen in ANLL), and the highest
risk is in older patients. Following modern adjuvant
chemotherapy for high-risk breast cancer, the inci-
dence at 10 years of acute leukemia is, at present,
minimal [38] or nil {42]. The drugs most frequently
incriminated in the development of second leuke-
mias and lymphomas are alkylating agents and
procarbazine and nitrosourea derivatives. Two-
thirds of solid tumors have occurred so far in the
radiation field [42, 43].

Since the diagnosis of a second malignancy
adversely affects the overall outcome (virtually none
of the second acute leukemias appear curable), early
detection appears important to assess prognosis.
In about two-thirds of patients overt leukemia is
preceeded for a few months (median 7 months) by
a preleukemic phase consisting of various degrees
of myelodysplastic and chromosomal changes [44].
Patients who appear cured of their primary malig-
nancy should be carefully monitored for years and
suspicious signs of ‘recurrence’ should be docu-
mented histologically to rule out or confirm the
presence of a second malignancy.

Autopsy studies performed at Stanford Univer-
sity [45] and at the National Cancer Institute [46]
have documented two important findings. The first
concerned the altered histologic appearance of
Hodgkin’s disease in the curative era, i.e. curative
therapy so altered the histologic appearance of
lymphoma that many cases were not recognized as
typical forms of Hodgkin’s disease at autopsy. This
observation is of practical importance when the
pathologist has to decide about the diagnosis of a
recurrent lesion. The same consideration applies to
fibrous nodules, interpreted as sites of eradicated
Hodgkin’s disease, found in many organs, most
commonly lymphoreticular. Furthermore, nearly
one-third of the patients died without evidence of
Hodgkin’s disease. At autopsy infection was the
most common form of death but a significant num-
ber of patients died of complications of therapy, both
benign and malignant including de novo lymphoid
malignancies. Non-fatal histopathologic effects of
therapy were common and specifically assessed in
thyroid and gonads.

MODERN TECHNOLOGIES TO IMPROVE
PROGNOSTIC ASSESSMENT

Steroid receptors

The determination of steroid receptors is of pri-
mary importance to assess the prognosis of primary
breast cancer [47]. Although biochemical assays
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are reliable, reproducible and correlate reasonably
well with response to endocrine therapy and with
patient prognosis, they have several drawbacks:
(a) 40% of ER-positive tumors fail to respond,
indicating the need for improvements in the assays
or the development of alternative predictive assays;
(b) biochemical assays can only be done onrelatively
large tumor samples, precluding the use of malig-
nant effusions or needle biopsy specimens for routine
assay; (c) these assays do not recognize receptors
bound to estradiol in vive, which may lead to inaccur-
ate estimates of receptor content in premenopausal
women or women on estrogen therapy; (d) these
assays do not permit assessment of receptor status
in individual tumor cells and do not assess the
problem of tumor cellularity [48].

In an attempt to overcome these problems, new
assays have been developed for the presence of ER
with an immunocytochemical method (ERICA).
The immunoperoxidase technique using a mono-
clonal antibody recognizing ER also makes it poss-
ible to visualize the receptor in a small amount of
tumor tissue. Available results indicate that the
ERICA technique offers a good, though not optimal,
alternative to the dextran-coated charcoal pro-
cedure and can be used to select patients with
hormone-sensitive breast cancer. There is direct
correlation of ERICA staining with response to
endocrine therapy in women with advanced disease
(49, 50]. Furthermore, significant positive corre-
lations were found between ER status and various
pathologic features, including better histologic
degrees of differentiation, smaller tumor cell size,
and lower levels of either tumor necrosis or lympho-
cytic differentiation [51]. Last but not least, the
immunocytochemical technique detects ER in
samples obtained by fine-needle aspiration of pri-
mary or secondary breast carcinoma tissue thus
avoiding the need for surgical biopsy {52].

Tumor cell proliferative activity and ploidy

In recent years, first thymidine labeling index
and then flow cytometry have been used to measure
quantitatively tumor cells engaged in DNA syn-
thesis. Results from separate studies have confirmed

Table 5. Laboratory technologies that can allow the pathologist
to better contribute in the assessment of tumor prognosis

Steroid receptors

Tumor cell kinetics

Tumor DNA content and ploidy

Cytogenetics

Oncogene amplification

Clonal rearrangements in cancer cells
Immunologic phenothypes

Monoclonal antibodies to detect occult metastases
Morphologic and circulating tumor markers

that the higher the proliferative rate of a tumor, as
measured on fresh tissue by the thymidine labeling
index (TLI), the more likely a patient is to have a
breast cancer recurrence after local-regional therapy
[53-55]. The above-mentioned studies have dem-
onstrated that the TLI is a strong prognostic indi-
cator independent of tumor size, lymph node
involvement and receptor status. These findings
have stimulated interest in proliferative measure-
ments of breast carcinoma.

Today, measurement of DNA content can be
made by the new, automated method of flow cyto-
metry (FC) rather than static cytophotometry. FC
methods on fresh pulverized tissue, and more
recently also on fine needle aspirates, have been
utilized to measure the percentage of tumor cells in
S-phase and also to determine ploidy [56-58]. DNA
content abnormality or ancuploidy in FC is usually
expressed as the DNA index, the ratio of DNA
content of the Gy¢/G; cells of a normal diploid
population. A close association has been demon-
strated between S-phase calculated by TLI and by
FC using selected software programs. FC analysis
of DNA content can provide important prognostic
information in a variety of malignancies. High- and
low-risk groups of patients with early breast cancer
and bladder carcinomas, non-small cell lung cancer,
as well as colorectal, ovarian and cervical carci-
nomas, can be identified on the basis of abnormal
stemline DNA content. In several hematologic and
common pediatric malignancies, the prognostic rel-
evance of DNA content by FC has been similarly
established. In particular, breast cancer receptor-
negative tumors are much more likely to be aneu-
ploid and to have a high median S-phase than
receptor-positive tumors [36-59]. In the future, FC
is likely to become even more useful to the clinician.
In fact, other variables can be examined simul-
taneously with DNA content, providing additional
prognostic information and a more quantitative
understanding of tumor cell heterogeneity. Multipa-
rametric studies such as hormone receptors, acid
phosphatase, carcinoembryonic antigens, various
nuclear antigens and oncogene protein products
may be assayed simultaneously with DNA ploidy
and cell cycle distribution. All the above mentioned
parameters could be used for better selection of
high-risk patients who are candidates for adjuvant
and neoadjuvant (primary) drug therapy and as a
variable for stratification in therapeutic trials.

In recent years, monoclonal antibodies were stud-
ied as markers of tumor cell proliferation. A good
example is the Ki-67 monoclonal antibody which
reacts with a human nuclear antigen associated
with cell proliferation that is expressed only in
continuously proliferating cycling cells, and there-
fore offers a simple opportunity to determine the
growth fraction of tumors by immunostaining of
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fresh tissue. The interesting results of the study of
Lellé et al. [60], however, do not yet provide
evidence whether Ki-67 may represent a potentially
useful predictor of the clinical course of breast
cancer. In contrast, the neoplasm’s high growth
fraction determined by this monoclonal antibody
was reported to be a significant independent predic-
tor of survival in diffuse large cell lymphomas [61].

Cytogenetics

The cytogenetic aspects of human malignancies,
their clinical meaning and their relationship to
molecular events thought to play a key role in given
diseases have been actively investigated during the
past decade [62, 63]. Chromosome studies in leuke-
mias, lymphomas as well as in given solid tumors
have proven to be an important tool in demonstrat-
ing that neoplasms can be dissected, defined and
further subdivided cytogenetically into a number of
subtypes. More recent studies have shown that
beyond visual cytogenetics and its limitations lie
the promising vistas of molecular cytogenetics for
further defining and extending the cytogenetics of
human malignancies to the application in prognosis
and treatment. It is now well established that the
type and extent of chromosomal abnormalities,
rather than their presence, determine prognosis
[64].

The biological implications of consistent chromo-
some rearrangements in leukemia and lymphoma
were recently discussed by Rowley [62]. The true
Ph' chromosome defect in chronic myeloid leukemia
(CML) was shown by Rowley to be a translocation
involving numbers 9 and 22. Variant translocations
have been discovered, however, in addition to the
typical t(9;22), and our present evidence suggests
that, with rare exceptions, Ph'-negative CML does
not exist. One of the most exciting revelations of the
past few years has involved the cellular oncogenes
and their chromosome location since many onco-
genes are located in the bands that are involved in
consistent translocations. The characterization of
the precise breakpoints in chromosomal translo-
cations in CML, the fusion of ab/ proto-oncogene
on chromosome 9 with the breakpoint cluster region
(ber) on chromosome 22 involves a 5800 nucleotide
base pair region in the ber gene. Determination of
the precise localization of the breakpoint in any
individual patient may predict whether the patient
has a long stable phase of CML or a rapid pro-
gression to blast crisis [65].

Among acute non-lymphocytic leukemias
(ANLL), the consistent chromosome changes which
can be identified in tumor cells pinpoint the location
of genes whose functions are critical in the growth
potential of that particular cell type [62]. Of these
changes, the 15;17 translocation in acute promyelo-

cytic leukemia has proved to be the most specific
and has never been seen in any other tumor. Another
important morphological subgroup that was
defined by cytogeneticists is characterized by abnor-
malities of chromosome 16 in acute myelomonocytic
leukemia. The data on Burkitt’s lymphoma indicate
that the consistent translocations involve number 8
which is therefore the consistent chromosome.

Recent studies begin to reveal cytogenetic find-
ings that are predictive of clinical outcome in non-
Hodgkin’s lymphomas [66—68]. In particular,
Levine et al. [66] have noticed that normal meta-
phases in tumor material were associated with a
higher complete remission rate and longer survival.
In particular, among patients with follicular lym-
phomas, those with structural abnormalities of chro-
mosome 17 had a shorter survival than patients
without these abnormalities. Among patients with
high-grade lymphomas, those with breaks in the
short arm of chromosome 2 had a longer survival
than those without these breaks.

In solid tumors, the number of entities in which
a specific chromosomal pattern has been defined is
still very small and is often restricted to rare tumors.
The contribution of cancer cytogenetics is, at pre-
sent, related to the refinement of diagnosis and
histogenetic classification of tumors, malignant as
well as benign [63]. The best examples include
Ewing’s sarcoma, other sarcomas and lipoma. The
translocation t(11;22)(q24;q12) has been observed
in the typical skeletal Ewing’s sarcoma as well as in
the unusual skeletal subtype. Since this chromosome
abnormality has not been described in other tumors
of the small cell round group, it represents an
example of the practical application of chromosome
findings in the selection of the therapeutic approach
in neoplasms where the differential diagnosis may
be impossible to establish.

Molecular biology

Recent advances in molecular biology hold prom-
ise to reveal the molecular basis of human neoplasia.
Human genes have been identified which function
in the control of growth and differentiation of normal
cells and in the suppression of malignancy
[3, 4, 68, 69]. The aberrant expression of these
genes resulting from genetic mutation, chromoso-
mal translocation, deletion and amplification has
been linked to the development and progression of
many human tumors. Therefore, if a molecular
probe or partial DNA sequence is available for a
gene of interest, then the structure and expression
of this gene may be studied in any tissue sample.
The use of standard molecular techniques to study
gene structure and expression, and the development
of new highly sensitive molecular assays will revolu-
tionize the pathological diagnosis of human tumors
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and is likely to result in new disease classification
systems.

Analysis of abnormal structure and expression
of particular proto-oncogenes in certain human
tumors has distinguished different prognostic
groups of cancer patients. The prognosis of any
individual patient may be determined by analysis
of gene structure through Southern blots of biopsy
samples. We have previously mentioned prediction
of prognosis in patients with CML [65]. Gene
amplification (increased number of copies of a gene
in the DNA of a tumor cell) appears to be among
the new promising predictive factors. Amplification
of the HER-2/neu oncogene has indeed been shown
to predict early recurrence and poor survival in
breast cancer [71]. However, this kind of analysis
requires a relatively large amount of tumor tissue
(100 mg). Recent studies [72] have measured the
protein coded by HER-2/neu in 305 breast cancer
patients with tumor in the axillary lymph nodes.
For the measurement of this protein it takes only
10 mg of the tumor sample, i.e. one tenth of what is
needed for the measurement of gene amplification.
Therefore, this analysis can be done on very small
biopsy specimens. Excellent correlation was found
between the abnormal production of the HER-2/neu
protein and the disease outcome; patients with over-
expression of this protein tend to have quicker
recurrence and shorter survival. Other investigators
[73-75] have reported a good correlation between
given oncogene amplification and/or expression and
the course of breast cancer. All these observations,
along with the established predictive factors should
help select high-risk patients who are candidates to
receive systemic adjuvant therapy.

A major problem in the management of cancer
patients is the detection of minimal residual disease
and early relapse. Molecular biology has developed
the technical ability to detect clonal rearrangements
in cancer cells (immunoglobulin genes, T-cell recep-
tor genes) and specific chromosomal translocations
[76-79]. However, utilizing standard Southern
hybridization assays, cells with these abnormalities
can be reliably and consistently detected if they
comprise greater than 2-5% of the cells in hetero-
geneous cell populations. An exciting new technical
development, the polymerase chain reaction, allows
amplification of an abnormal sequence by a factor
of 10°, greatly enhancing the ability to detect rare
cells with specific molecular abnormality [80, 81].
Its use has recently allowed detection of early
relapse and residual bone marrow involvement by
follicular lymphoma cells carrying a t(14;18).
Detection of specific point mutations of the ras
oncogene family in cancer of the colon has also been
performed utilizing this technology [82]. The fusion
of polymerase chain reaction technology with mol-
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ecular probes specific for particular genetic abnor-
malities will be a powerful tool in the near future in
detecting minimal disease and in monitoring the
effectiveness of cancer therapy.

Monoclonal antibodies for occult metastases

Monoclonal antibodies have also been actively
investigated in the detection of occult tumor cells
[5, 89]. Most pertinent to the subject of this review
is the recent update by British investigators [84] on
the detection of occult tumor cells in the bone
marrow by immunocytochemistry using an anti-
serum to epithelial membrane antigen. After mul-
tiple bone marrow aspirates taken prior to surgery,
micrometastases were detected in 81 of 307 (26.4%)
women with primary breast cancer, and their pres-
ence was related to various poor prognostic factors,
i.e. spread to lymph nodes, vascular invasion, T
stage and pathological size. With a median follow-
up time of 28 months, 75 patients relapsed and
60 in distant sites; of these 60 patients, 26 had
micrometastases detected at presentation. Both
relapse-free and total survival were significantly
shorter for patients with micrometastases. The test,
however, predicted bone metastases only and did
not appear to be an independent prognostic factor.

Immunologic phenotypes

Immunologic phenotyping of leukemia and lym-
phomas has revealed heterogeneity not predicted
by morphologic studies [85]. It is now possible to
define stages of human lymphocyte and granulocyte
differentiation precisely using highly specific mono-
clonal antibodies that define cell surface antigens
and molecular probes that identify rearrangement
of immunoglobulin and T cell receptor genes
[3, 76, 86]. These can be combined with more
traditional cell markers such as surface membrane
(Smlg) and cytoplasmic immunoglobulin (Clg) on
B lymphocytes, sheep erythrocyte receptors on T
lymphocytes and cytochemical stains.

There have been a number of studies attempting
to make clinical correlations with cell surface pheno-
typing, most of which have not provided useful
information for clinical decision making [87, 88].
In leukemia, the importance of immunophenotype
as an independent prognostic factor has been ques-
tioned except for B acute lymphoblastic leukemia.
The dismal prognosis of this particular subset is
well known, and therefore most study groups have
excluded these patients from their standard leuke-
mia treatment protocols. In non-Hodgkin’s lym-
phomas the disparate results of past studies may
be due to small numbers of patients studied and
comparisons between different histologic subtypes.
To obviate these problems Miller et al. {89] have
studied 115 consecutive patients with a single mor-
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phologic subtype, diffuse large cell lymphoma,
accrued over a 10-year period. Utilizing a panel of
40 monoclonal antibodies on thin tissue sections,
these investigators documented that T-cell pheno-
type predicted a shorter relapse free survival
(median 11 months) compared to B-cell phenotype
(median 43 months). The independent prognostic
significance of immunophenotype was confirmed
through multivariate analysis. Clearly, prospective
clinical trials are needed before adapting therapy in
lymphoid malignancies to immune phenotype [90].

New markers of cytodifferentiation

Morphological features of certain tumors are
augmented by available information from other
diagnostic techniques, especially immunohisto-
chemistry, which is now acknowledged as being one
of the most helpful ancillary diagnostic procedures
in anatomic pathology. In great part, enhanced
diagnostic accuracy is due to introduction of the
hybridoma technique to prepare monoclonal anti-
bodies as well as to the discovery and characteriz-
ation of a growing number of novel, clinically mean-
ingful, molecular markers of cell differentiation. We
shall briefly mention the impact of monoclonal
antibodies on markers of cell lineage or differen-
tiation in the so-called undifferentiated malignant
neoplasms.

Most useful among the markers of cell lineage are
the intermediate filaments (IF), the fibrous proteins
which form the internal skeleton of most mam-
malian cells [91,92]. The principal IF are: the
keratins, expressed nearly exclusively by epithelial
cells; vimentin, predominantly expressed by cells of
mesenchymal derivation; desmin, the IF of muscle
cells; neurofilament, expressed by neurons and
neuroendocrine cells; and glial fibrillary acid pro-
tein, the IF of glial cells. Since most neoplasms
derived from those tissues display a conserved IF
phenotype, the prognostic implications of correct
tumor diagnosis on treatment strategy is obvious.
Thus, the demonstration of keratins within the
cells of an undifferentiated malignant neoplasm
is sufficient evidence, in the proper clinical and
histopathological context, to distinguish anaplastic
carcinoma from melanoma, lymphoma and sar-
comas, which express other intermediate filaments:
desmin, the IF of muscle, is expressed by the
majority of sarcomas of muscle derivation; vimen-
tin, the IF of mesenchymal cells, is expressed in
abundance by melanoma, sarcoma and with a high
degree of predictability by some types of epithelial
tumors where it is coexpressed with keratins [92].
Current immunohistochemical diagnosis utilizes a
panel of monoclonal antibodies directed to a variety
of markers of cell differentiation, the composition of
the panel depending on the differential diagnosis
[93].

There has been significant progress in another
frequent problem of histopathological diagnosis: the
metastatic carcinoma, primary site unknown. An
expanding number of new markers of cytodifferenti-
ation are now available which enable the pathologist
to pinpoint accurately the origin of the metastatic
neoplasm or, at least, significantly narrow the possi-
bilities, thus focusing the clinician’s attention to the
most likely site of origin. For example, there are
specific or relatively specific marker substances for
carcinoma of the prostate, thyroid, breast, kidney,
large intestine, liver and several endocrine organs.
However, some of these require the availability of
frozen tissue because the antigen(s) does not survive
the tissue processing.

CONCLUSIONS

No one denies the key role played by classical
histopathology in the diagnosis and management
of human cancer. Taken in conjunction with the
clinical background, the histological characteriz-
ation of a tumor and its assignment to a defined
entity often allow prediction of its biological
behavior. Current treatment protocols are usually
based on these criteria. The more accurate the
histological diagnosis, the more optimized will be
patient selection and management of the tumor.
Progress in the treatment of various malignancies,
the new multidisciplinary strategy for given patient
subsets as well as the importance of randomized
clinical trials to assess the relative merits of novel
approaches, have considerably increased the input
of clinicians on pathologists to better identify sophis-
ticated prognostic discriminants. On the other
hand, advances in cellular and molecular biology,
genetics and immunology have provided the pathol-
ogists with a unique opportunity to coordinate,
implement and led efforts utilizing new methods to
study the pathobiology of human malignancies and
influence patient assessment. The new biology
requires from both clinicians and pathologists the
acquisition of a new language, education in theoreti-
cal backgrounds and access to appropriate technical
expertise. This desirable partnership in resolving
specific clinical problems should be based on mutual
knowledge and conversation on technical aspects,
potential applications, limitations and relative costs
of the sophisticated technologies.

To date, while the standard of surgical pathology,
as discussed in the first part of this review, has
considerably improved, new technologies which can
further refine the prognostic discriminants are still
confined within specific laboratories of research
centers. However, the labeling index technique, flow
cytometric and immunohistochemistry methods are
now becoming widely available. Even some DNA
probes and the advent of the technique of in situ
hybridization are all becoming sufficiently common
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that these techniques are beginning to move into
the surgical pathology armamentarium [3, 4, 76].
Clearly, we are moving quickly from the age of
morphological pathology to one in which precursor
lesions, presence or absence of neoplasia, and prog-
nosis will be based as much on biological and
molecular parameters as on morphological ones.

approaches will hopefully influence the manage-
ment of patients.
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