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INTRODUCTION

Previous volumes in this series have discussed the current
state of our knowledge concerning the pathophysiology of
cancer growth and progression. The complexity of the in-
teraction of malignant neoplasms and the host, the
heterogeneity of malignant cell subpopulations, and the
existence of metastatic tumor cells resistant to drug thera-
pies remain as significant clinical challenges to clinical on-
cologists. Indeed, conventional treatment regimens of che-
motherapy, surgery and radiology are often ineffective for
the therapy of a large variety of established metastatic can-
cer in patients. When one considers the insidiousness of
progressive neoplastic growth and the emergence of con-
tinuously more aggressive and malignant cellular subpop-
ulations one is overwhelmed with the challenges inherent in
attempting to control malignant neoplasms. Nevertheless,
as summarized in the earlier volumes of this series, substan-
tial knowledge and insights have recently been obtained
pertaining to the molecular and biochemical mechanisms
involved in tumor progression and growth as well as in host
antimalignant responses. While there is clearly an urgent
need for improvements in cancer management in man,
major advances in our understanding of cancer growth and

vii

progression have identified a variety of targets and strategics
to allow these goals to be realized. This volume critically
reviews approaches towards cancer management in man at
the levels of: detection, diagnosis, surgery, radiology,
chronobiology and endocrine treatment.

Several chapters review selected methods of cancer diag-
nosis. In addition, a variety of on-going and novel ap-
proaches for cancer treatment are also presented in this
volume. Progress in the early detection of malignant neo-
plasms, coupled with novel approaches for the therapy of
such neoplasms, may ultimately yield safe and well-tolerated
agents for the selective therapy of solid malignancies. New
therapeutic approaches, directed towards the biochemical
and molecular targets identified in the earlier volumes of this
series, may ultimately lead to the generation of new mo-
dalities which will yield a high margin of safety and be sig-
nificant advances over currently available therapeutic
measures.

Volume Editor
Alfred L. Goldson

Series Editor
Hans E. Kaiser
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SELECTED DIAGNOSTIC METHODS

HANS E. KAISER with a contribution by ERIC T. FOSSELL

INTRODUCTION by H.E. Kaiser

The neoplasm itself is not the whole disease, known under
the collective term “cancer,” neither the beginning nor the
end. The host body reflects the development of the different
types of cancer and related diseases in the form of changes
occurring on the basis of tumor-host relationship. The diag-
nostic usefulness of these facts will be briefly discussed in
this chapter with respect to the applicability of such methods
as computed tomography (CAT scans = CT); magnetic
resonance imaging; and nuclear magnetic resonance for
early cancer detection. Other studies discussed in this chap-
ter are those dealing with antigens and antibodies. The first
two methods may be called morphological whereas the latter
may be referred to as immunological. Of special interest is
the usefulness of these methods in the diagnosis of progres-
sive neoplastic stages prior to their actual development. The
intraspecific effectiveness of these diagnostic tools differs
with the various types of neoplasms and their various stages.
The applicability of these methods and their evaluation are
discussed in the several chapters of this book with reference
to the particular tissues from which the tumors arise. In this
chapter some recent developments are briefly summarized.
Computed tomography, also known as computerized axial
tomography, CT is the gathering of anatomical information
from a cross-sectional plane of the body, presented as an
image generated by computer synthesis of x-ray trans-
mission data obtained in many different directions through
the given plane (201).

Magnetic resonance imaging or nuclear magnetic reso-
nance (NMR) is a method for defining the character of
covalent bonds by measuring the magnetic moment of the
atomic nuclei involved (201). Antigens (Ag) are substances
foreign to the native state of the body, usually proteins,
carbohydrates, or fat-carbohydrate complexes that, as a
result of coming in contact with appropriate tissues of an
animal body, induce a state of sensitivity and/or resistance
to infection or toxic substances after a latent period (8 to 14
days), and which react in a demonstrable way with tissues.
A well-known example from oncology is the carcinoem-
bryonic antigen (CEA), oncofetal a.: a glycoprotein con-
stituent of the glycocalyx of embryonic entodermal epi-
thelium, generally absent from adult cells with the exception
of some carcinomas, in which case it may also be detected in
a patient’s serum (201). Antibodies or sensitizers are im-
mune or protective proteins evoked in man or other animals
by an antigen and characterized by reacting specifically with
the antigen in some demonstrable way, but it is now as-

1

sumed that antibodies may also have natural existence with-
out being present as the result of a stimulus provided by the
introduction of an antigen (152, 201).

COMPUTED TOMOGRAPHY by H.E. Kaiser

Recent advances in imaging, such as CT and magnetic
resonance imaging, together with new computer develop-
ments will be beneficial to cancer therapy (84). This is also
the case with ultrasound (US) and positron emission tomo-
graphy (PET). The augmentation of precision should
ameliorate the effect of radiation therapy (83). MR is able to
give information concerning location, size and margins of
neoplasms not available through other imaging modalities
(187). A particular region to study with CT and MR is the
portacaval space with its multiple anatomic structures (232).
Soft tissues are well characterized by differences of intensity
between tissues with variable T1 and T2 relaxation time.
Distinction of vessels and soft tissue masses can be accom-
plished by NMR-CT. Contrast material need not be em-
ployed. The combination of both methods offers positive
prospects (94). Vital and necrotic zones of a neoplasm are
also distinguishable by NMR (90). NMR may be used in the
detection of neurotoxicity, a potential complication arising
from the treatment of the whole brain with a chemotherapy-
radiotherapy combination in long-term carcinoma patients
(77). MRI showed no improvement in the accuracy of diag-
nosis in cases of malignant epithelial and lymphoid tumors
of the orbit (42). The method is also not very useful in body
regions with extensive respiratory or vascular motion in
those structures which require exquisite spatial resolution
and those where angulation of the viewing plane is neces-
sitated, or in cases where fresh blood and calcification are
present inside a lesion (14). It was found in recent studies
that most antibodies able to recognize neoplasm-associated
antigens are altered carbohydrates. For the past 25 years,
the definition of surface alterations connected with neopla-
sia has been investigated. The comparative studies dealt with
normal animal tissues and human tumor cells, cultured cells
before and after transformation by oncogenic agents, neo-
plastic and nonneoplastic transformed cells, metastatic and
nonmetastatic cells, variants with high and low metastatic
potential, and neoplastic cells before and after induction of
differentiation to a less malignant phenotype. Nucleotide
sugar biosynthesis and glycosyltransferase alterations have
been observed (173). For discussion of selected and specific

A.L. Goldson (ed.), Cancer Management in Man: Detection, Diagnosis, Surgery, Radiology, Chronobiology, Endocrine Therapy.
© 1989, Kluwer Academic Publishers, Dordrecht. ISBN 978-94-010-7646-3



2 H.E. Kaiser

applications of computed tomography, see (22, 28, 75, 76,
80, 107, 190, 208, 209).

CT alters clinical decisions in 14 to 30% of patients (106).
CT scans are especially valuable in cases of the superior vena
cava syndrome to demonstrate the tumor and, in exclusion,
the recurrent tumor in previously treated patients (181).
CORRELATE, a new computer software program for CT,
is an accurate tool for the localization of neoplasms (188).
Sources of error in CT volumetric measurement of ex-
travisceral tumors were evaluated by Staron and Ford (200),
and Gatenby and co-workers (79) described a technique
allowing in vivo measurement of oxygen in neoplasms using
CT to guide probes; see also Zink et al. (231). It should be
possible to improve diagnosis by a combination of CT and
sonography, but up to now this goal was only partially
achieved (182). Percutaneous aspiration, drainage, and
biopsy techniques can be performed safely and effectively in
infants and children (212). Automatic techniques for com-
parison of irradiation and simulation setup are feasible
(145). The use of CT numbers in dose calculations for
radiation therapy shows an accuracy of 5%. These conver-
sions turn out to be possible also within an accuracy of 5%.
These limited accuracies cause errors in the photon beam
dose calculation of less than 1% of the dose maximum, and
errors in electron beam dose calculations of less than 2% of
the dose maximum (105). CT-guided percutaneous biopsies
are useful in the tissue diagnosis of pediatric disease, and in
guiding the subsequent treatment (16). Clinical studies
suggest the usefulness of radiofrequency capacitive hyper-
thermia together with radiotherapy to treat refractory deep-
seated tumors. Intratumor low density areas appearing on
posttreatment CT occur as a good parameter for the asses-
sing of tumor response to thermoradiography (101, 103).
Tumors in the head and neck, thorax, lower abdomen and
pelvis can be heated better than tumors in the upper
abdomen (102). The annular phased array shows no
preferential heating of superficial over deep-seated neo-
plasms (166). Tumor and organ contours can be delineated
by projection radiography, an important supplement to
treatment planning by radiography (104). Low-LET
charged-particle radiation has a potential in cancer research
and therapy; it should be checked for its clinical advantages
(85). The transcutaneous approach of CT is useful in guid-
ing surgery of neoplasms (20). The cross-sections displayed
by computed tomography are an ideal basis for radio-
therapy planning, because the body contour, tumor target
and adjacent normal tissues are accurately visualized (12).
Although the cost of CT is high, it is very useful in radio-
therapy planning treatment, and also in effective diagnosing
of tumor sinuses, nasopharynx, and bladder (2).

SELECTED ASPECTS OF CT APPLICATION IN DETECTION AND
TREATMENT PLANNING OF NEOPLASMS WHICH DERIVE
FROM PARTICULAR TISSUES:

3/4* Simple cuboidal/simple columnar epithelium

Characterization of natural history and staging of prostate
cancer with regard to survival, malignant potential, extent
of neoplasm and treatment response are enhanced by CT

and related methods (225). During irradiation treatment,
the sparing of one-third of the kidney parenchyma prevents
sequelae. Studies of one hundred CT scans were made to
evaluate the possibility of using the vertebrae as landmarks
in the planning of therapy (26). In intra-arterial chemo-
therapy, the end of the catheter with concomitant arterial
opacification, as in the case of pelvic pathologies, can be
checked by CT scan (29).

5* Pseudostratified epithelium

Appropriate initial interpretation of the chest roent-
genogram should be followed by selective use of computed
tomography and surgical mediastinal exploration in poten-
tially resectable cases of non-small cell lung carcinoma (11).
Physicians regularly engaged in punctures control by roent-
genotelevision and computed tomography of patients
should consider dosimetric control as obligatory for them-
selves (24). CT is not useful in the evaluation of patients with
a peripheral tumor, such as bronchogenic carcinoma; how-
ever, it is useful in determining which patients with a central
tumor do not require a surgical staging procedure prior to
thoracotomy (143).

28* Desmal epithelium

CT has also been applied, together with two-dimensional
echocardiography, angiography, and inferior venocavo-
graphy following tumor resection of the heart in children
under cardiopulmonary bypass and/or radiation and
chemotherapy (40). Vascular malformation are often diag-
nosed by CT in other regions including tumors, resulting
often in inflammation where otherwise angiography is more
selective and accurate (217).

32* Reticular connective tissue

CT is used for diagnosing splenic involvement, providing
these pathological-anatomical findings with a valuable non-
invasive method with a specificity of 86%, sensitivity of
77%, and accuracy of 83% (98). Seventy-four long-term
survivors of childhood cancer were examined. The results
were related to (1) the effects of CNS irradiation on cog-
nitive development; (2) the specificity of these effects; and (3)
the relationship of age at diagnosis to treatment effects. In
any case, CNS irradiation reduces performance especially in
cases of children below the age of five (49). Juvenile patients
who had received central nervous system prophylactic treat-
ments at an earlier age exhibited poorer performance on
verbal IQ scores. Comprehension and arithmetic subscores
were most affected. Patients who had received cranial radio-
therapy plus intrathecal methotrexate exhibited a decrease
in 6 out of 7 categories of instruction. Combined groups of

* After Kaiser HE (ed): Neoplasms — Comparative Pathology of
Growth in Animals, Plants, and Man. Baltimore: Williams & Wil-
kins, p. 653, 1981.



patients with leukemia had a lower gradepoint average and
poorer school attendance (130). Neurologic disabilities are
often a sequela of cancer, such as metastases to brain, spinal
cord, leptomeninges, peripheral nerves, or nonmetastatic
lesions due to cancer, such as infections, vascular problems,
metabolic abnormalities, side effects of therapy or paraneo-
plastic syndromes, in which the definitive diagnosis is im-
proved by CT (164).

45* Transverse striated musculature

An eight-year old boy suffering from untreatable epilepsy
and slowly progressing hemiparesis together with person-
ality changes exhibited months later a rhabdomyosarcoma
of diffuse type involving the leptomeninx. The late develop-
ment of a tumor mass explains the delay in diagnosis (127).

47* Neurons of central nervous system

Sixty patients with known metastatic cancer or high risk
primary cancer exhibited tumor progression detected by
Tc99m bone scans. These were compared with plain radio-
graphs, spinal computer tomography, and computed tomo-
graphic myelography. The plain radiographs identified three
groups of which the first was a normal radiograph; in the
second, a compression fracture was seen; and in the third
evidence of metastasis was indicated. In the first group with
computed tomography, 335 of the patients had benign dis-
ease and 67% metastasis; epidural compression was seen in
25% of the patients with metastasis as indicated by com-
puted tomographic metrizamide myelography. In the
second group 38% presented with benign compression frac-
ture and 62% with metastasis, and of the latter, 63% of the
patients with metastases had epidural compression. In the
third group, spinal computed tomography showed that 15
patients had metastases and one, benign disease. Epidural
cord compression was found in 47% with metastatic disease.
This approach permits the diagnosis of spinal metastasis,
epidural tumors, and benign diseases (160). Forty-eight
cases (96%) of 55 patients with malignant disease inves-
tigated on an emergency base due to clinical signs of spinal
cord or nerve root compression could be accurately diag-
nosed by computed tomography alone (221). Dynamic com-
puted tomography is important for the early demonstration
of infarcts discerned as regions of hypoperfusion not easily
detectable with conventional computed tomography. A
quantitative assessment of vasogenic edema and hypoper-
fusion helped in establishing the diagnosis of infarction and
neoplasia; orbital and parasellar neoplasms can be
separated accurately from vascular lesions, as well as jugular
neoplasms from vascular malformations (222).

50* Meninges

The fourth case described in the literature of diffuse primary
leptomeningeal gliomatosis diagnosed by CT (hydro-
cephalus with enhancement of the cerebral cisterns) and the
atypical cells in cerebrospinal fluid showed some improve-
ment following radiotherapy and chemotherapy (121). CT
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and angiographic features of 15 histologically proven pri-
mary extradural juxtasellar tumors showed in the case of 5
chordomas prominent bone erosion with significant pos-
terior fossa component; four trigeminal nerve neuromas
with bone erosion around Meckel’s cave, with contrast
enhancement; two meningiomas of the cavernous sinus with
moderate contrast enhancement, expansion of the sinus and
angiographic stain; two cavernous hemangiomas of the
same sinus were clearly discerned and presented angio-
graphic stain. The sphenoid sinus showed opacification and
prominent bone destruction (150).

In cases of malignant lymphoma, Hodgkin’s and non-
Hodgkin’s alike, 6.6% showed adenopathy of cardiophrenic
angle lymph nodes by CT. Chest radiography alone revealed
only three of these as positive (44). Percutaneous computed
tomography biopsy procedures are more and more popular
(134). Sixty-eight punctures guided by CT resulted in 63%
interpretable cytologic data. The method is useful for detec-
tion of post-therapy residual masses and is most effective

(78%) when used for thoracic masses and visceral locations
(133).

53* Peripheral glia

A 68-year-old woman had rapid progressive visual loss in 7
weeks due to a malignant glioma, the diagnosis of which was
masked by usual methods (192). Thirteen patients with
echographic and CT evidence of optic nerve or sheath en-
largement in which the clinical and radiographic findings
pointed to nerve sheath meningioma, showed histologically
that in four patients no meningioma could be demonstrated,
because two had inflammatory infiltration of the dural
sheath and two had only endomatous or dense fibrous tis-
sue. Idiopathic inflammatory perioptic neuritis producing
optic nerve sheath enlargement may simulate sheath menin-
gioma (64).

The first case of cystic teratoma of the diaphragm in the
English literature showed a similar CT appearance as in
teratomas in the ovaries. This teratoma contained soft tis-
sue, fat, spots of calcification, and a tooth (151).

MAGNETIC RESONANCE IMAGING** (NUCLEAR
MAGNETIC RESONANCE***) by H.E. Kaiser

Magnetic resonance imaging (nuclear magnetic resonance).
See especially reports (45, 66, 74, 81, 93, 117, 132, 156, 183,
195).

Damadian was the first to explore the use of NMR tech-
niques in the diagnosis of cancer. He differentiated spin-
lattice and spin-spin relaxation times (T1 and T2) as deter-
mined in vitro with NMR spectrometers. The problem at this
time was that biopsies had to be performed to obtain the
material for investigation. It was Lauterbur who showed
that NMR signals could be spatially encoded to produce
images of the object under examination. It was possible to
measure T1 and T2 without biopsy. Initial efforts are still
disappointing, but NMR imaging will be very important in
the evaluation of patients with malignant disease due to the
unique anatomic information gained without the use of
ionizing radiation (213). The main purpose of nuclear medi-
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cine in clinical oncology is tumor imaging, to evaluate selec-
ted organs or the whole body for the presence of a neoplasm.
In the case of intraarterial chemotherapy, the catheter tip
can be monitored as well as tumor vascularity, arterio-
venous shunts in the tumor bed, if bilateral arterial catheters
are employed. Angiocardiography is useful in the assess-
ment of doxorubicin toxicity; the effect of chemotherapy on
such organs as lung and kidney can also be monitored.
Radionuclide venography is important for the detection of
thrombi; serial bone scans can identify the response of bone
metastases during systemic therapy. The same holds true for
hepatocellular dysfunction (119). The longitudinal relaxa-
tion time (T1), the transverse relaxation time (T2), and the
water content of 16 tissues from normal adult rats were
measured at 10.7 MHz and 29 degrees C and the differences
in T1 and T2, and water content values between normal and
malignant liver tissue, were studied. The differences in
T1 and T2 values between neoplastic and normal tissues
correlated with differences in the volume fraction (amounts)
of extracellular fluid volumes and in the amounts of mem-
brane and fibrillar surface area in the cells (33). It is possible
to obtain nuclear magnetic resonance spectra from spatially
localized regions of live animals and of patients, enabling
the investigator to measure biochemical processes in vivo
with the use of surface coils. High energy phosphates and
related studies have been largely preclinical but diagnostic
possibilities have been emerging (30). Moving images of the
beating heart can be produced by electrocardiogram gating;
blood flow can be imaged. NMR is potentially important to
the study of therapeutic response; mental states and demen-
tia; tissue generation; and discrimination of body fat and

body fluids. Tmages of T1 values are diagnostically very

useful, but the numerical volumes are less important for
pathologic evaluation. Fifteen companies manufacture
NMR imagers and over 200 are used in hospitals. The
technique is rapidly becoming established in diagnostic clini-
cal practice (138). Paramagnetic pharmaceuticals are signifi-
cant in the assessment of organ perfusion and in some
specific organ functions. Dilute iron solutions for the con-
trast-enhancement of the gastrointestinal tract are used;
ferrioxamine B seems to permit the diagnosis of focal blood-
brain-barrier defects and renal excretory function; and
gadolinium-DTPA is in use for contrast enhancement in
several lesions (224). Floating fluids are characterized by a
strong signal during slow flow by unsaturated protons which
enter the imaging volume (220). The effects of radiations,
hyperthermia and chemotherapeutica can be precociously
detected because spectral changes occur before the mass of
the neoplasm decreases (136). NMR relaxation times are of
great significance in the characterization of tissues and the
localization of neoplasms (122). T1 values yielded improved
discrimination of normal and malignant tissue compared to
previous results at higher frequencies (142). The relationship
between NMR spin-lattice relaxation times for human
tumor tissue at 24 and 6.25 MHz was investigated by Ek-
strand et al. (68). The measurement of control parameters is
experimentally difficult, does not promise success in all cases

but is the only noninvasive measurement possibility (125).
Cells in tissues that are deficient in oxygen are relatively
resistant to radiation inactivation and may not be accessible
to some systemic chemotherapy. The premise that hypoxic
tumor cells do, indeed, control the radiocurability of some
cancers is supported by some clinical evidence. Novel
procedures (some of which are noninvasive) for detecting
hypoxic regions within solid tumors have been proposed and
are based upon two recent developments: (1) the discovery
that some radiosensitizing drugs become selectively bound
by metabolism to the molecules of viable hypoxic cells, and
(2) the growing availability of new imaging procedures
based upon positron-emission tomography, single-photon
emission tomography, and nuclear magnetic resonance
spectroscopy (41). Iron and gadolinium chelates can readily
change NMR image contrast (36); see (38 regarding stizoli-
cin). The use of liposomes permits a choice of several routes
to administer imaging agents. Especially important is the
subcutaneous administration for lymph node visualization
(35). The elevation of T1 and T2 values in uninvolved tissues
and in the blood of tumor-bearing animals is known as the
systemic effect. T1 values showed significant elevation in
colorectal and stomach cancers. No effect was seen in acute
myeloid leukemia, chronic lymphatic leukemia, chronic
myeloid leukemia, plasma cell myeloma, or in pancreatic
and lung cancers. Noncancerous states of cirrhosis, chronic
hepatitis and monoclonal gamopathies showed no T1 eleva-
tion (17). The present ability of nuclear magnetic resonance
to monitor the metabolic channeling of fluoropyrimidines in
intact tumor cells suggests that future spectroscopic imaging
of patients treated with fluorinated antimetabolites may
provide clinically important information about tumor
biochemistry and drug sensitivity (116). Magnetic resonance
images of transplanted human colon carcinoma in athymic
mice are enhanced by metalloporphyrin contrast agents for
NMRI (165). Many trace metals are connected with en-
zymes involved in vital physiological roles. Data concerning
transition elements of Fe, Zn, Mn and Cu in human cancers
in unaffected regions of the body show that they have a
value as markers of malignancy (171).

Magnetic resonance imaging of periventricular hyperin-
tensity was investigated by Sarpel and co-workers (179).
Triventricular hypersensitivity was concluded to be high and
increasing with age, or in the presence of cardiovascular
disease or extracranial malignancy. Magnetic resonance im-
aging can be used repeatedly due to its low x-ray exposure
based on the low field strength. This is advantageous in the
treatment of children (100). The hope that MRI relaxation
time signatures would identify tissues, specifically, malig-
nancies, has not been realized (50). Specific antimitochon-
drial agents, such as gossypol, rhodamine-123, and lonida-
mine, might be selectively administered on the basis of
tumor LDH isozyme content, and noninvasively monitored
for antiproliferative activity by 31P spectroscopy (19).
Water-suppressed proton nuclear magnetic resonance spec-
troscopy is a potentially valuable approach to the detection
of cancer and the monitoring of therapy (73).
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DETECTION OF MALIGNANCY BY WATER-SUPPRESSED PROTON NMR
SPECTROSCOPY OF PLASMA by ERIC T. FOSSEL

L. In 1986 we reported a sensitive and specific blood test for
cancer based on water-suppressed NMR spectroscopy (73).
We now expand on our initial report as follows:

The water-suppressed proton nuclear magnetic resonance
(NMR) spectrum of plasma is dominated by the resonances
of plasma lipoprotein lipids. We measured the mean line-
widths of the methyl and methylene resonances, which were
found to be correlated with the presence or absence of
malignant tumors. Values for the average linewidth were
lower in patients with cancer. We analyzed plasma from
2,127 people (normal controls, patients with malignant and
benign tumors, patients without tumors, and pregnant pa-
tients); NMR analysis and measurement of linewidths were
blinded to diagnosis or patient group. The mean linewidth
for 747 normal controls (+ SD) was 40.1 + 3.2 Hz. For 330
patients with untreated cancer, demonstrated by biopsy, the
linewidth was 30.5 + 2.7Hz. Patients with malignant
tumors were reliably distinguished from normal controls by
this method (p < 0.0001), and differed from 461 patients
with diseases that did not involve tumors (linewidth,
37.4 + 3.6Hz, p < 0.0001). Patients with benign tumors
(e.g. those of the breast, ovary, uterus, and colon) had
linewidths of 36.8 + 4.1 Hz and were different from those
with malignant tumors (p < 0.0001). However, pregnant
patients and those with benign prostatic hyperplasia had
linewidths consistent with the presence of malignant tumors.
The mechanisms of this effect are presently uncertain. How-
ever, certain data suggest that the narrowing of lipoprotein-
lipid resonances with cancer is consistent with the response
of the host to tumor growth. In our cohort described above,
our overall sensitivity was 97% and our specificity was 96%.
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Figure ]. NMR data from patients with benign or malignant lung
disease.

II. We have recently expanded this study in a group of
patients with lung and breast disease. Data for lung disease
patients are shown in Figure 1. There was no difference in
the average linewidths for normal controls, inflammatory
lung disease, and benign lung tumors; but the average line-
width for malignant lung tumors was different from the
benign lesions (p < 0.0001). NMR data correctly differen-
tiated between malignant and nonmalignant lung diseases in
195/204 patients. Sensitivity was 97% and specificity was
92%.

Agreement was also observed in patients with breast dis-
ease (Figure 2). These patients were categorized according to
the type of benign (Figure 2A) or malignant disease and
patients whose blood was obtained after treatment began
(Figure 2B). Patients with benign disease were well differen-
tiated from those with malignant infiltrating breast tumors
(p < 0.0001) and from breast carcinoma in situ
(p = 0.001). The NMR linewidth data correctly differen-
tiated 177/187 patients with breast disease whose blood was
obtained prior to therapy. Sensitivity was 93% and speci-
ficity was 97%. Linewidth measurements of single samples
from 164 patients posttreatment were uninformative. Such
patients should be followed serially, including pretreatment
values, in order to define the usefulness of this procedure in
the setting of therapy.

III. We have also studied two models in which hepato-
cellular tumors (line 1 and line 10) are injected into syngenic
guinea pigs. Growth characteristics of these tumor models
are known (65, 78). The primary purpose was to define the
relationship between linewidth and the number of viable
tumor cells present in the experimental animals. NMR spec-
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Figure 2. NMR data from patients with benign and malignant
breast disease.
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Figure 3. Water-suppressed proton NMR data for methyl and
methylene resonances from plasma in which animals were injected
with viable line | tumor cells (®), or heat-killed tumor cells (O).

tra were obtained on citrated plasma at 360 MHz, as re-
ported (73).

Figure 3 shows the time course of the average plasma
methyl and methylene linewidths for guinea pigs injected
subcutaneously with viable line 1 tumor cells or with heat-
killed cells (3 x 10° cells). From day 0 to day 7-8, as the
number of tumor cells increased, the average proton NMR
linewidth of the methyl and methylene groups decreased
progressively. On days 2 and 4, the tumor mass was palpable
and by day 7, it had reached its greatest mass (12 x 15mm).
On day 7-8, there was evidence of tumor necrosis and
regression. By day 14, the tumor was no longer palpable.
The linewidths of the methyl and methylene groups in these
animals began to broaden on day 8, and with tumor re-
gression, became normal. Thus, measurements of proton
NMR spectra of plasma in these animals exactly parallels
the histology and natural history of this experimental
tumor.

Similar data are shown in Figure 4 for line 10 tumor cells
injected intraperitoneally (3 x 10° cells). On day 2, the
linewidths became smaller and continued to decrease as the
tumor grew. On day 2, there were 1.3 x 107 tumor cells in
the peritoneum. On day 4, there were 2.4 x 10 cells, and on
day 7 there were 1.2 x 10® tumor cells. Line 10 tumor cells
continue unconstrained growth.

Inbred guinea pigs were used. All were identically treated
except for the tumor cells they received. The average methyl
and methylene proton NMR resonance linewidths accu-
rately reflect the natural history of these tumors, and under
these carefully controlled conditions, there is a reciprocal
relationship between the linewidths and the number of via-
ble cells.

ANTIBODIES by H.E. Kaiser

See reports (31, 69, 144, 204).
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Natural antibodies are considered as mediators of T-
independent or B-independent natural resistance to neo-
plasms and microbes (87). The generation of increasing
numbers of well-characterized polyclonal antisera and
monoclonal antibodies directed to a variety of antigenic
determinants has the phenotyping of neoplasms a reality
(55). The application of antibody-drug conjugate binding by
flow cytometry in cases of several drug and toxin conjugates
which defines a human adenocarcinoma-associated antigen
demonstrates that these assays are able to monitor the ef-
fects of covalent modification of monoclonal antibody as
antigen-binding reactivity (140). Corresponding tumor anti-
bodies of different tumors (colorectal, melanoma, testicle,
ovary, bladder, carcinoid, lungs) should be selected on the
basis of immunohistochemical studies of the primary tumor
prior to performing radioimmunoscintigraphy to screen for
recurrences of metastases (23).

6-Phosphofructokinase is important for regulating gly-
colysis in normal and neoplastic cells, mediating glycolysis
and respiration. Aerobic glycolysis enhanced in malignant
cells is known as the Warburg effect. 6-Phosphofructokinase
of humans and the rat occurs in multiple tetrameric isozymic
forms showing 3 unique subunits under separate genetic
controls, M, L, and P types. Isozymic alterations closely
parallel the quantitative increases in total 6-phosphofruc-
tokinase activity, which in turn is closely related to the rate
of replication of cancer cells and hence an increase in metab-
olism. Human 6-phosphofructokinase is both a transforma-
tion- and a progression-linked discriminant of malignancy
(219). Typing by antibodies to intermediate filament pro-
teins is valuable to diagnosis in clinical cytology because
these antibodies are able to distinguish between the major
groups of neoplasms in man, according to studies with
sectioned human material (6). Antibodies to epiglycanin and
radioimmunoassay are able to detect epiglycanin-related
glycoproteins in the body fluids of cancer patients (46). The
subtraction method for radioimmunodetection of neo-
plasms is important as diagnostic tool (86). Activation of
T-cell immunity in vivo may result in humoral immuno-
suppression (158). Anti-idiotypic antibodies may induce the
formation of antigen-specific anti-idiotypic antibody, prob-



ably because it appears as the internal image of the tumor-
associated antigen. These anti-idiotypic antibodies may
therefore have potential for modulating the immune re-
sponse of cancer patients to their tumors (97). Antibodies
observed in human sera were indistinguishable from anti-O-
phosphotyrosine antibodies raised experimentally in rabbits
or mice (157). The elevated levels of circulating tissue poly-
peptide antigen antigenicity present in the sera of patients
with carcinoma, which are often used to monitor tumor
progression, correspond to soluble proteolytic fragments
originating from this particular keratin subgroup (223).

Protein A of Staphylococcus aureus was used in cancer
treatment for 3 years due to its potential for removing serum
blocking factors in patients with malignant disease. Solal-
Celigny and co-workers (197) reviewed the problems of this
type of immunotherapy: the basis of Protein A treatments
according to the known effects of Protein A on the immune
system; different techniques of plasma adsorption and es-
pecially the various Protein A carriers that have been used;
the toxic effects which complicated the treatment course in
several studies and their mechanisms; treatment results in
animal models; and the results of phase I and II trials in
patients. Cis-diamminedichloroplatinum (II) (cis-DDP), the
antitumor drug, is cytotoxic in vitro primarily by binding to
DNA and disrupting its normal functions (169). The regu-
lation of lipid metabolism by a lipid-carrying protein was
investigated by Dempsey (56). Diseases manifested by ab-
normal immune regulation represent perturbations of a sys-
tem of heterologous genetic recombination (218); regarding
the myc gene product see (18). Studies with interferon were
done (1, 96, 198).

Concerning specific tissues, some additional data may be
given in other appropriate chapters.

2* Stratified squamous epithelium

No correlation between the presence or absence of anti-
BMZ antibody in the serum and the development of malig-
nant disease was observed (3). Two polyclonal rabbit anti-
bodies to epithelial membrane antigen (EMA), two mouse
monoclonal antibodies (E29 and HMFG-21), and a “cock-
tail” of these two monoclonals have been compared, using
an indirect immunoperoxidase technique. The polyclonal
antibodies produced stronger staining in colorectal car-
cinomas and lactating breast, whereas staining with the
monoclonal antibodies was stronger in nonneoplastic
pleural mesothelium and in pulmonary alveolar cells (99). In
308 consecutive cases, the reliability of ultrasound-guided
needle aspiration biopsy for detection of intraperitoneal and
retroperitoneal malignancies was evaluated. The method
was clearly improved with regard to the accuracy of diag-
nosis (62). Monoclonal antibodies detected a 16.5K mol. wt.
polypeptide in cells derived from a human cervical car-
cinoma (15). Mouse monoclonal antibody 17-1A may be a
good candidate for use in clinical trials because it retains the
tumor antigen specificity and human effector cell recog-
nition of the native 17-1A, would presumably have a five- to
ten-fold increase in the circulating half-life in man, and
should be considerably less immunogenic as compared with
native murine immunoglobins (185).
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5* Pseudostratified columnar epithelium

A radioimmunometric assay from P3 lung carcinoma target
cells to detect antilung cancer antibodies showed the fol-
lowing: of 100 sera from lung cancer patients tested, 80
(80%) were positive. However, only 6/30 (20%) sera from
cancer patients wtih other cancers, 1/25 (4%) of sera from
patients with nonmalignant lung disease, and 0/20 sera from
healthy donors were positive (95).

Immunized small cell and non-small cell lung cancer cells
exhibit different responses to monoclonal antibodies; IgG in
regard to the first and IgM, the second type of lung cancer
(59).

8% Transitional cell epithelium

In a study by Takahashi and co-workers (210) monoclonal
antibody no. 10 was the most appropriate for selection of
human transitional cell carcinoma of the bladder; it was
identified as IgN with kappa-light chains, by enzyme
immunoassay.

10* Mammary glands

Electron dense granules and other markers for neuroendo-
crine cells are important in diagnosis of various types of
breast cancer but the difficulty of small cell and spindle cell
tumors has to be considered (154).

20* Testis

The cluster distribution of human placental alkaline phos-
phatase is a general phenomenon and probably influenced
by the physiological function of the enzyme, which has yet
to be defined (112).

A monoclonal antitesticular carcinoma antibody ob-
tained via the somatic cell fusion technique by immunization
of BALB/c mice with freshly prepared single cell suspension
from a patient with testicular embryonal carcinoma with
choriocarcinoma components had selective reactivity with
the surface of tumor cells from embryonal carcinoma (testi-
cle) and choriocarcinoma both in vitro and in vivo (118).

28* Desmal epithelium
The Cal antibody was used in an alkaline phosphatase

immunocytochemical method on cells obtained from 150
specimens of pleural and ascitic fluids (191).

32* Reticular connective tissue

Antibody heteroaggregates were used to render human
peripheral blood T-cells lytic for specified targets. A strategy



8 H.E. Kaiser

is suggested in which heteroaggregate-coated T cells could
be used in vivo to mount a lytic response against pathogenic
cells, such as tumor cells or virus-infected cells (167). Large
granular lymphocytes from patients with carcinomatous
pleural effusions suppress the capacity of autotumor-recog-
nizing T-lymphocytes to proliferate and develop autotumor
cytotoxicity. No cytolytic activity to autologous tumor
occurs (214). A remarkable diversity exists with regard to
the specificities of monoclonal antibodies classified by con-
ventional criteria as anti-Id antibody, indicating the poten-
tial value of several antibodies to analyze the clonal diversity
in normal and abnormal B-cell development (123).

36* Melanogenic system

A melanoma-associated proteoglycan antigen is expressed
by primary cutaneous and ocular melanomas, metastatic
melanomas, nevus cells, some astrocytomas, and fetal fibro-
blasts, and it is shed into culture supernatant by both
melanoma and nevus cells (177). Met 72, a 72,000 dalton
glycoprotein, reveals a high correlation with the metastatic
activity of several B16 melanoma clones. Met 72 antigens
are in fact surface markers of B16 melanoma metastatic
variants and may provide the means of monitoring their
presence, influence, and autonomy during tumor pro-
gression (228).

A cytoplasmic glycoprotein, originally identified by
monoclonal antibody 465.12S in melanomas, is increased in
epithelial cells of different histotype after transformation.
The cytoplasmic melanoma-associated antigen (cyt-MAA)
is drastically enhanced in lymphoid cells by polyclonal and
allogeneic stimulation, and transformation. Among trans-
formed lymphoid cells, the expression of the antigen cor-
relates not with lineage, but the stage of differentiation. The
expression of the cyt-MAA is shared by cells of various
embryological origin in early stages of differentiation and/or
proliferation (82).

47* Neurons of central nervous system

Sera from patients with paraneoplastic cerebellar degener-
ation have been shown to contain high titers of antibody to
human Purkinje cells. Although human anticerebellar anti-
bodies react with cerebellar tissue from other animal species,
patient-to-patient sera might be suitable for passive transfer
expression of the cyt-MAA is shared by cells of various
by reacting patient sera with nonhuman cerebellar tissue
could be negative where these antibodies are in fact present
and could be demonstrated using human material (89).

ANTIGENS by H.E. Kaiser

Interaction of genotoxic chemicals with their intracellular
target, i.e., DNA, may result in the formation of covalent
adducts. Adducts were measured in DNA from various
organs of rats treated with the liver carcinogen 2-AAF (10).

For neoplasm antigens, see also reports (5, 48, 51, 54, 178,
186).

The present status and value for immunodiagnosis of
human cancer-associated antigens was evaluated by Sulit-
zeanu (206) and the activity of natural killers and macro-
phages regarding their activity in leukemias, by Fi (72).

Tumors express generally oncofetal antigens which
generate several immune responses in the tumor-bearing
host of animals and man which are related to neoplastic
induction by protooncogenes and oncogenes (47). Cellular
and humoral tumor-growth-enhancing factors are present,
causing immunosuppression and neoplastic growth. These
factors are elicited by neoplastic cells or induced by im-
munocytes of the host. Circulating immune complexes ap-
pear of predominant importance. Plasma adsorption of CIC
and IgG protein A of Staphylococcus aureus was reported to
cause neoplastic regression. Plasma adsorption with protein
A-collodion charcoal, protein A-silica, or protein A-
sepharose also induced tumorilytic reactions. Even direct
infusion of protein A induced tumor regressions in rat mam-
mary tumors. A number of staphylococcal agents are leached
by S. aureus plasma adsorption. Staphylococcal agents,
protein A, enterotoxin and others seem to induce reactions
which lead to neoplastic destruction (172). The development
of monoclonal antibodies that recognize tumor-associated
antigens has led to significantly greater practical possibilities
for producing highly specific radiolabeled antibodies for
diagnosis and therapy of human tumors (131). Aspects of
tumor specificity have also been amenable to an increased
level of objectivity, as based upon the probe-like characteris-
tic of monoclonal antibodies (163). Incubation of viable
tumor cells in single-phase aqueous solutions of 1-butanol
releases a subset of peripherally-associated membrane pro-
teins. The extracted components contain tumor-specific and
neoplasm-specific antigens of several human and experi-
mental neoplasms. Viability of extracted cells is not destroy-
ed. The denuded cells permit studies dealing with cellular
communications and hematogenous metastasis (135). The
production of human anticlonal bodies and their
application to kidney transplantation and genito-urinary
oncology are evaluated by Guiter (92). Prostatic proteins of
seminal plasma in dog and man are related enzymes of the
serine-protease class. Their enzymatic activity seems similar.
Toward protein substrates the enzymatic activity appears
similar, whereas the enzyme of the dog is trypsin-like and the
one of man, chymotrypsin-like in its activity toward syn-
thetic substrates. Arginine esterase and prostate specific
antigen are closely related proteins (63). Despite their
embryonic fibroblastic origin and their infinite life span in
culture, C3H 10T1/2 C18 (10T1/2) cells are capable of a
wide range of responses to carcinogens and modulators of
carcinogenesis that correspond closely to those observed in
vivo, for the most part, in epithelial tissues (21). Sewell and
co-workers (184) made cautionary points and broad recom-
mendations with regard to the use of anti Lew M1 antibody
in normal and neoplastic epithelia.

Two chemically induced BALB/c sarcomas shared a
tumor-specific antigen on gp96, a M, 96,000 glycoprotein
isolated from Meth A cytosol. It is functional in tumor
rejection assays (161).



2/4* Stratified squamous/simple columnar epithelium

Immunohistochemical demonstration of keratins of dif-
ferent molecular weight offers a method of assessing squa-
mous differentiation at the cervical transformation zone and
in cervical cancer and precancer (203).

3/4* Simple cuboidal/simple columnar epithelium

Lectins may be useful for estimating the characteristics of
renal cell carcinoma, including its malignant potentials;
antibodies to renal tubular antigens and intermediate fila-
ments seem to be available for the diagnosis of the tumor in
metastatic lesions (108). A good correlation was found be-
tween histologic grade in prostatic cancer and presence or
absence of R1881-binding protein in the tissue (110). In
nonmetastatic disease of carcinoma of the prostate, serum
prostatic specific antigen greater than 10ng/ml at presen-
tation, with or without a coincidentally raised prostatic acid
phosphatase, carried an increased risk of progression within
two years (189).

4* Simple columnar epithelium

It was concluded that differences in the expression of mem-
brane antigens, differences in the glycosylation of membrane
components, and the selective phosphorylation and/or
dephosphorylation of cellular proteins exist in subpopu-
lations of intratumoral colonic carcinoma cells with dif-
ferent biological properties. These biochemical alterations
of cellular proteins may play an important role in the
generation of phenotypic diversity and heterogeneity of
malignant cells (39). A new carbohydrate antigen CA 19-9
is a marker of epithelial cancers, does not vary with the
smoking status, and is superior to CEA in detecting gastro-
intestinal malignancies, especially those arising from the
pancreatic gland (7). For tissue antigens in large-bowel
carcinoma, see Arends and co-workers (8). An intestinal
antigen was revealed in 94.3% of primary and metastatic
colonic neoplasms, 50% of gastric tumors, and in all sam-
ples of the enterolyzed gastric mucosa but not in colonic
carcinoid (170).

8* Transitional epithelium

Three cases with papillary adenocarcinoma of the prostatic
urethra were prostate-specific antigen positive. Two of these
patients were treated hormonally and one radiotherapeuti-
cally (227).

10* Mammary glands

Human breast cancer markers were reviewed by Remennik
(174). The 52K protein is an estrogen regulated marker of
cell proliferation in human mammary cells (176). T and Tn
antigens in breast carcinoma play a fundamental and diag-
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nostic role from the earliest histologic stage and throughout
the disease process (199). Tumor-associated breast cancer
antigen can be characterized by monoclonal antibody (67,
180). A rad monoclonal antibody YPC2/38.5 may have
potential for diagnostic localization and possibly thence for
the selective targeting of drugs or toxins in patients with
hepatocellular carcinoma arising in a liver unaffected by

significant parenchymal disease (141).

15* Pineal gland

S-antigen immunocytochemistry may be applied to charac-
terize tumors of the pineal region (126).

20* Testis

Chemotherapeutic regime alone can lower CA 125 serum
levels (162).

32* Reticular connective tissue

Human carcinomas express organ-specific cancer neoan-
tigens as determined by in vitro leukocyte responses to ex-
tracts of carcinomas by the tumor host. Organ-specific can-
cer neoantigens of carcinomas are also expressed by fetal
organs, and sufficient antigen is shed by fetal organs to
sensitize pregnant women. Older fetal organs (21 weeks) and
adult organs do not express immunogenic or antigenic
organ-specific cancer neoantigens (91). Autologous bone
marrow transplantation depends on selective removal of
malignant cells from human bone marrow. Marked
heterogeneity was seen in the binding of different mono-
clonal antibodies and in resistance to C’-dependent lysis
among these different clones (53). Use of an additional
monoclonal antibody FMC-7 does not contribute in the
establishment of diagnostic reliability (146). The detection
of MCS-2 on immature ALL blast cells might indicate a
coexpression of lymphoid and myeloid markers on very
immature cells, or an abnormal gene expression by malig-
nant cells, or the identification of a so far undetected sub-
class of acute leukemias (61). Low-density cell fraction from
the blood of patients with chronic granulocytic leukemia
provides distinct advantages for the study of membrane
properties of hemopoietic cells and of hemopoietic dif-
ferentiation in general (129). The analysis of reactivity of
normal and malignant myelomonocytic cells with mono-
clonal antibodies has led to refined differentiation schemes
of the normal hematopoiesis (60).

35* Fibrous connective tissue

Characterization of the splenic T-DTH cells in mice primed
by excision of mKSA tumor, indicated a Lyt 142+
phenotype of cells conferring both the DTH response and
the immune protection against mKSA sarcoma in a local
(Winn) adoptive transfer assay, thus reinforcing the corre-
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lation between the DTH response and the antitumor protec-
tion (114). New antigens appearing during culture of rat
fibrosarcoma of KMT-17 may act as helper antigens for
tumor associated antigens, increasing the immunogenicity
and decreasing the tumor genicity of the cultured cells (229).

53* Peripheral glia

The techniques described by Krajewski ez al. (128) are suit-
able for the identification of an astrocytic subpopulation
within gliomas, and may improve the understanding of
antigen expression in various stages of astrocytic dedif-
ferentiation.

SUMMARY AND CONCLUSIONS

As selected examples of diagnostic methods in clinical on-
cology, computed tomography, nuclear resonance imaging,
cancer antigen methods and methods dealing with antibodies
have been described briefly. In addition to illustrating the
diagnostic value of these scientific tools, it was intended to
elaborate on the different changes paralleling tumor pro-
gression in the host not directly affected neoplastically. It
can be seen clearly that tumor development, especially
metastasis, is indicated or paralleled by metabolic, immu-
nologic or other changes in the host due to the progression
of the tumor. These changes may occur before new steps of
tumor progression take place, or parallel them.
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BREAST CANCER DIAGNOSTIC IMAGING

RAUL H. MATALLANA

BREAST CANCER

For unknown reasons, breast cancer incidence has shown to
be increasing in the United States maintaining a constant
mortality rate for the past 40 years (9).

It is not a secret that one out of eleven women will have
breast cancer, producing at least 100,000 new cases every
year and over 37,000 deaths due to this disease. Nine percent
of American women are destined to have breast cancer, that
remains the leading cause of death among women 40-44
years of age (34). It is known that unfortunately primary
prevention lies still ahead in the future. What may be called
secondary prevention measures through screening appears
to be as the most realistic way to achieve significant mor-
tality reduction.

It is not new, as we learned in the past clinical experience,
that breast cancer detected in an early stage has significant
better prognosis than those in later stages (21, 22). The fact
that 20 years ago mammography demonstrated that it can
achieve detection of non-clinical breast cancer that resulted
in 30% decrease mortality, has changed the original idea
that periodic physical examinations only as practiced in the
past can obtain similar results (30, 32).

The mammographic and clinical contribution to detection
of breast cancer is different in relation to patient’s age. In
women under 50 years of age, omission of clinical examina-
tions would have resulted in failure to detect 61% of the
breast cancer during screening. Only 19% would have been
missed by omission of mammography. In patients over 50
years of age, clinical examinations and mammography made
similar contributions to detection of breast cancers.

EPIDEMIOLOGY AND HIGH RISK FOR BREAST
CANCER

The value of a thorough History in Medical Diagnosis is
obvious. In the field of Breast Cancer Detection, knowing
what we are up against, we have used a questionnaire which
directly addresses those risk factors, which researchers have
shown to be significantly associated with increased incidence
of breast cancer (13, 20).

In view of recent recommendations by The American
Cancer Society and The American College of Radiology the
usefulness of ancillary historical information relates to in-
creased frequency of follow up, over and above the ACS/
ACR’s Guidelines (2), and to the prognostic significance of
a clinical/mammographic finding. The relative significance
of these risk factors will be briefly discussed (45).
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Jensen and Wellings et al., reported work in two separate
articles (3, 43), showing statistically significant associations
between hyperplastic lobular proliferation (HLP) and the
presence of cancer in the contralateral breast. HLP was
noted in a higher number per breast in those with disease in
the same breast (29), or the contralateral breast (23), than in
normal (non-cancerous) breasts obtained by autopsy (67).
State of the art mammography detects lesions in the sub-
centimeter range, these patients are curable. Screening
mammography has been born out of this. The work just
cited was a landmark, shifting the emphasis from the car-
cinoma in situ metastatic-disease progression to the study of
the precancerous lesion (which can be mammographically
detectable) carcinoma in situ progression. The significance
of biopsy-proven proliferative disease should be acknowl-
edged as a risk factor (13).

According to Dupont and Page (13), a patient with a
previous biopsy revealing non-cancerous disease, is in a
higher epidemiologic risk group than the general population
if there is any of the following, (1) atypical lobular hyper-
plasia, consisting of changes similar to lobular carcinoma in
situ, but not quite, or (2) atypical ductal hyperplasia, atypia
just less than intraductal carcinoma in situ, or (3) moderate
and florid hyperplasia of the usual type, the most common
type of hyperplasia one without the appearance of lobular or
apocrine lesions.

Other researchers have expanded this subgroup to include
those with papillomatosis with an increased incidence of
intraductal carcinoma (3). The ultimate risk factor is
previous breast carcinoma, in the contralateral breast, or in
the same breast. If a lesion appears at least Scm from the
original one and if it is histologically different, it only would
be considered than a metachronous second primary.

Having discussed the histological risk factors, we will now
address purely statistical associations. Most of these we
addressed in out pre-mammogram survey. These are genetic
(family history), nutritional-demographic (the unknown
risk factor subgroup of Seidman (4, 35), hormonal (early
menarche and later than usual menopause, nulliparity, de-
layed primiparity, and long term exposure to anticontracep-
tive medicinal manipulation), as well as, amongst others,
environmental (including high dose radiation exposure-circa
Hiroshima and Nagasaki studies) (26).

Citing once again Berg and Seidman, the fact does remain
that over two-thirds of the difference in worldwide breast
cancer demographics are not explained by already known
risk factors. This signifies that even the North American
female with *‘no” risk factors is at an extremely high risk for
developing breast cancer, hence the need for low risk, reli-

A.L. Goldson (ed.), Cancer Management in Man: Detection, Diagnosis, Surgery, Radiology, Chronobiology, Endocrine Therapy.
© 1989, Kluwer Academic Publishers, Dordrecht. ISBN 978-94-010-7646-3
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Table 1. Breast cancers detected during the five year breast cancer detection demonstration project with the four year health insurance plant
of Greater New York screening program.

BCDDP** HIP***

Ages 40-49 Ages 50-59 Ages 40-49 Ages 50-59
Suspicious at surgery at surgery at surgery at surgery
modality* number % number % number % number %
Mammography 270 354 540 42.1 6 19.4 27 41.5
only
Mammography 381 50.0 638 49.7 6 19.4 12 18.5
& physical
examination
Physical 100 13.1 86 6.7 19 61.3 26 40.0
examination
only
Unknown 11 1.4 19 1.5 0 0.0 0 0.0
Total 762+ 100.0 1283+ 100.0 31 100.0 65 100.0

*Includes modalities that have finding with one or more features interpreted as suspicious of malignant or benign breast disease.

** BCDDP cancers shown in this table include only those cancers detected following a surgical recommendation made at an annual or early
recall screening.

*** From: Shapiro S: Evidence on screening for breast cancer from a randomized trial. Cancer 39 (suppl): 2772-2782, 1977.

+ Includes 30 breast cancer cases in which a mammogram was not performed for any reason, such as exam refused, exam not recommended
for a woman under 50 years of age, or exam technically not satisfactory. Exclusion of these cases changes the distribution of suspicious
modalities to: Mammography Only, 36.9 percent; and Unknown, 1.5 percent.

+ + Includes 17 breast cancer cases in which a mammogram was not performed for any reason, such as exam refused or exam technically
not satisfactory. Exclusion of these cases changes the distribution of suspicious modalities to: Mammography Only, 42.7 percent;
Mammography and Physical Exam, 50.4 percent; Physical Exam Only, 5.5 percent; and Unknown, 1.5 percent.

able and economic screening. This will be directly addressed
in the sections on Mammography and Complementary
Techniques.

Risk of developing breast cancer: Many risk factors have
been reported. Epidemiologic confirmation has been hard to
come by in some (such as the association with a diet low in
fibers and high in polyunsaturated fats). The abundant
literature, the many possible permutations, and the difficulty

in weighing the relative importance of all risk factors, have
rendered clinically useful information hard to discern.

To this end, the large cohort study by Dupont and Page
identified a subgroup with an 11-fold increased atypical
hyperplasia and family history (13).

The implication, compatible with the findings of Mool-
gavkar and Knudson, (31) in that familiar aggregation re-
sults from high risk individuals being born with basal cells

Table 2. BCDDP program breast cancers stratified by lesion size and modality findings.

Non-infiltrating Infiltrating Infiltrating Breast cancer Total number
breast breast cancers size not of breast
Suspicious cancers cancers < 1cm cancers = >1cm specified** cancers***
modality* number % number % number % number % number %
Mammography 461 59.0 195 52.6 631 33.7 194 36.4 1481 41.6
only
Mammography 258 33.0 135 36.4 1034 55.5 252 47.3 1683 47.3
& physical
examination
Physical 43 5.5 31 8.4 161 8.6 73 13.7 308 8.7
examination
only
Unknown 20 2.6 10 2.7 41 22 14 2.6 85 24
Total 782 100.0 371 100.0 1871 100.0 533 100.0 3557 100.0

* Includes modalities that have findings with one or more features interpreted as suspicious of malignant or benign breast disease.
** Breast cancer size not specified includes cancers for which the Hospitality Pathology Report did not give the specific lesion size and/or

for which a project pathologist did not carry out a slide review.

*** Includes cancers detected following a surgical recommendation at an annual or early recall screening, or when a woman saw a surgeon

prior to a scheduled early recall screening.
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of the mammary epithelium already lined up in the direction
of atypical proliferation with the total penetrance in those
who develop cancer.

We hope to identify a subgroup of patients with breast
cancer incidence high enough to warrant additional modifi-
cations to the currently accepted screening guidelines. On
the other hand, work in progress by Matallana (17) will
show that, in a group of 1,500 breast cancer screened
patients, only 30% had any risk factors. This reemphasizes
that all women should be screened as per ACR/ACS
Guidelines, as a “minimum screening requirement”,
whether risk factors are present.

I

Halsted theory of orderly progression of breast cancer is at
least partially justified if we review the natural history of
human breast carcinoma. This is supported by a variety of
investigations, aside of clinical experience. At least there is
a fairly consistent sequence of events in relatively early
stages of this neoplastic condition.

It is very difficult to pinpoint when the epithelial genetic
notation takes place, since the ductal epithelium has been
fluctuating from by hyperplasia to repression since
menarche, with every menstrual cycle, pregnancy and puer-
perium. Due to studies of growth rates of human mammary
carcinoma and epidemiologic data showing an increase in
breast cancer incidence in women under 50, it is possible to
accept that the development of mammary carcinoma began
premenopausally (20) therefore, the observation (5, 43)
associating specific pattern of atypical proliferative hyper-
plasia as non-obligate form of neoplasia, since it is a com-
mon finding in patients who developed breast cancer, has
generated acceptance.

IL

There is clear evidence of how important is the detection of
“early” or small carcinoma while limited to the breast as
compared with patients treated with larger forms, par--
ticularly with regional axillary node metastasis (16). There is
also a hypothesis that all breast cancers are systemic from
the beginning and, therefore, any variation in local treat-
ment is unlikely to affect prognosis. Both hypotheses deserve
attention, since breast carcinoma is a variable disease in
which both hypotheses can be applied at times.

The assertion that all large infiltrating carcinomas were at
some point small masses, does not absolutely imply that all
small carcinomas will necessarily progress to a large one
because some of this will have different biological behavior.
Some critics of the screening value hypothesized that per-
haps the periodic examinations are detecting only slow
growing lesions (“length bias”) (32) or that survival from
time of detection is improved because apparently we are
“pushing back” the time of death (lead time bias), therefore,
erasing the significance of early detection.

It is not possible at this time to draw a line as to how much
of these hypotheses are wrong or right or if they are all
incorrect. Are we adding quality years of life instead of
curing, in cases of infiltrating carcinoma? Are we able to
cure only minimal breast cancer?

Discovery and adequate treatment of “‘early breast can-
cer” while still localized in the breast or with minimal axil-
lary model involvement has produced statistical information
of long survival free of disease Wanebo-Urban. The survival
rate of patients with minimal breast cancer is 98% at five
years, 95% at ten years (41) with projected 20 years survival
rate of 93% (18). In addition the only randomized study or
clinical trial H.I.P. program of New York (early 60’s)
produced results of increased survival of patients over and
under 50 years of age after 14 years in comparison with the
central group (20-24% survival rate).

III.

A recent randomized study in Sweden showed 31% reduc-
tion in mortality from breast cancer and 25% less propor-
tions of stage IT or larger tumors in those patients under
screening mammography every 2 to 3 years, when compared
with a group not offered screening (37).

Reduction of breast cancer mortality through mass
screening with modern mammography (6, 40). Evaluation of
screening for breast cancer in a non-randomized study (The
DOM Project) by means of case control study (6). These two
articles suggested, 50-70% reduction of mortality in
screened women; improving the already known H.LP. re-
duction in mortality.

I believed that it is quite certain that most of the “early”
cancers detected have the biological potential of progressing
into invasive lethal disease if not treated when they are
localized.

METHODS OF DIAGNOSIS

Despite the fact that mammography is the only diagnostic
system capable of detecting consistently small and/or “mini-
mal” breast cancer, there is a percentage of the same type of
tumors that can be detected by an excellent physical exam in
absence of and/or associated with mammographic findings.
From the BCDDP program we learned that PE positive in
8.7% of patients with cancer in absence of mammographic
findings. (Table No. 14 Ca. A. Cancer Journal for Clinicians
— July, August 1982 Vol. 32, No. 4) Table No. 15, same
journal showed that in noninfiltrating breast cancer detec-
tion with P.E. yield 5.5% detection and when associated
with mammography increased the rate of detection to 33%.

We feel that this statistic analysis is sufficient to stress that
P.E. is an obligated examination to achieve the highest
detection of small carcinomas. It should be made with state
of the art technique, including inspection and palpation on
sitting and recumbent positions.

Iv.

BCDDP again demonstrated that P.E. had a time positive
rate of 35-60% combining clinical examinations and
mammography produced a time positive rate (sensitivity) of
91%. In our own statistical analysis of 511 visual breast
cancers detected from 1973-1984, 26 cases were detected
based on P.E. only or 5.08% and when associated with



mammography, permitted detection in 153 cases or in
29.94%.

MAMMOGRAPHY

Before discussing the clinical uses of mammography, we will
briefly introduce basic technical information. Perhaps this
will help in understanding its uses and limitations. By using
x-rays, we can visualize breast parenchyma and define den-
sities in the millimeter, and in certain cases, the sub-
millimeter range. Technical excellence is not only necessary
but mandatory in state of the art mammography. This is
related to the fact that in the absence of microcalcifications,
only a subtle difference in density and/or structure, between
normal glandular components and pathological entities can
signify the presence of a nonclinical carcinoma. Therefore,
the margin of error is more critical in mammography than
in any other diagnostic radiographic procedure, because
mammographic technical excellence can produce a change
in the patient’s prognosis.

State of the art mammography has clear requirements:
adequate dedicated mammographic equipment with a mo-
lybdenum target, filter, phototiming and a moveable grid to
decrease scattered radiation, thus improving image sharp-
ness. The use of molybdenum target, filter and phototiming
all have enabled us to produce high quality mammography
with mean radiation exposure to the breast of 100 m Rem
range, not more than a chest roentgenogram, and about 10
times less than what was obtained as recently as 1978 with
nonscreen film and xeroradiography (11).

The molybdenum target tube and filter is a dedicated
system very useful for soft tissue radiography. The use of a
very small source of x-rays (the focal spot 0.1-0.3) and the
use of standard/fixed geometry enable us to obtain re-
producible high detail, optimal distance of the focal spot
from the object and the distance of the object from the film
associated with the use of screen film systems, higher film
contrast at a low film density and automated film processing
technique are absolutely necessary. Fulfillment of these re-
quirements will produce that. The quantity and quality of
radiation delivered per unit of time will produce an excellent
film diagnostic image in contrast and fine resolution.

With focus to breast and breast to film with distance
remaining always the same, coupled with maximum com-
pression and excellent positioning has allowed studies of
excellent structural detail and minimal background noise.

Finally, the use of variable focal spots and the advantage
of magnification capabilities have increased structural detail
and have made mammography by itself, a better screening
procedure than the annual physician breast examination
and the monthly self-breast examination combined (11).

Radiation dose: The mean breast dose for screen film
combination vary between 60-75mr for 2 views. This dose
will raise to 120-180 mr with the use of radiographic grids.
Comparing this exposure to the original 3.200 mr for con-
ventional mammography 20 years of age. With the advan-
tage of improved resolution, and decreased radiation it is
possible to achieve detection of nonclinical breast car-
cinomas in a percentage of 40-50%, percentage that 20
years ago were only possible in elaborate dreams. In other
words, exposure to the state of the art mammography will in
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theory cause one excess breast cancer death per 6 million
exposed women per year, although, the known benefit from
early cancer detection would appear to considerably out-
weigh the ever proven theoretical risk. Such a “risk” may be
equivalent to traveling 70 miles by air, 10 miles by car,
smoke one-eighth of a cigarette.

V. MAMMOGRAPHY ACCURACY

Because of the improved accuracy and safety of current
mammography technology, the American Cancer Society
modified its recommendations to include mammographic
screening of asymptomatic women beginning at age 35 years
(25).

Statistical analysis of 3,661 breast cancers from the medi-
cal literature before 1975 demonstrated a true positive rate
of 87% for mammography (10).

In the BCDDP program out of 3,557 detected carcinomas
89% were mammographically identified. Approximately
17% of the group reviewed before 1975 probably were
clinically negative, while in the BCDDP group the nonclini-
cal carcinomas were 41.6%. In our statistics out of 1,003
carcinomas detected, 51% were clinically silent.
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The main difference probably is related to the fact that cases
from the BCDDP program were asymptomatic while in the
first group were the majority symptomatic. In our group
67% were true symptomatic, although 78.9% of the
“Symptomatic” patients with small carcinomas, the symp-
toms were unrelated to the tumor itself.

The use of ancillary imaging modalities, such as
ultrasonography, has helped to further increase our accu-
racy. This would translate into the concept of mammo-
graphy for screening asymptomatic patients. This use will be
discussed in a separate section. We are now detecting sub-
clinical cancer more often than clinically palpable lesions.

Just after the new screening guidelines for mammographic
evaluation were publicized in the national news media study
was performed on 257 females living in 1983, mostly white.
The women were asked to complete a questionnaire regard-
ing frequency of monthly self-breast examinations (SBE),
physician clinical examinations and mammography. The
research setting was a physician’s waiting room. 54% to
69% of the women complied with the recommendations for
regular SBE and annual clinical breast examinations. 60%
of women 40 to 49 years of age and 51% of women 50 and
older had not had a baseline mammogram. 22% of the first
group and 24% of the second group have had at least a
baseline and one follow-up mammogram (17).

These basic screening recommendations, updated in 1982,
have been available by The American College of Radiology
(ACR) since 1976, The American Cancer Society (ACS) and
National Cancer Institute since 1977.

The data suggests that the underuse of mammography
may be more from lack of acceptance by physicians, for the
purpose of mass screening than resistance by patients. We
hope and feel that since then, health professionals are think-
ing more of mammography as a screening procedure, a new
study is obviously needed (7).
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THE VALUE OF PREOPERATIVE MAMMOGRAM

Although a negative mammogram does not preclude the
presence of carcinoma (27), a clinically suspected mass
lesion should be excised for final histological differential
diagnosis regardless of the mammographic report. How-
ever, mammography has a preoperative role as to confirm
the presence of a malignant lesion, demonstrate multicen-
tricity for exclusion of a clinically negative carcinoma in the
opposite breast and for differential diagnosis in presence of
a benign mass lesion clinically suspected of a carcinoma,
that fortunately can be identified mammographically. This
is the case of radiolucent lesions (24) such as lipomas, galac-
toceles and/or traumatic “oily cyst”.

When because a small clinically detected malignant lesion,
it is considered the feasibility of local excision and post-
operative radiation therapy, it is important to determine the
presence of “multicentricity” in the symptomatic breast.

Bilaterability of the breast carcinomas has been demon-
strated (39), therefore the presence of a synchronous clini-
cally occult contralateral breast should be excluded. In ad-
dition it is possible that the lesion originally suspected as a
carcinoma may be benign and be associated with a clinically
silent lesion in the suspected and/or contralateral breast. It
should be emphasized that mammography should be ob-
tained before invasive procedures, because if it is immedi-
ately post-operative, edema and hemorrhage obscure the
area in question, and preclude the use of adequate com-
pression to produce a state of the art mammography.
Mammographic detection of a carcinoma can be achieved
with visualization of a soft tissue mass with irregular and/or
spiculated borders, associated or not to malignant type of
microcalcifications. If the mass is uncalcified, and clinically
occult, there must be surrounded by a degree of fatty back-
ground to be entirely visible mammographically, therefore
the diagnosis of carcinomas in fatty breast, is simple by all
means. Unfortunately if there is minimal or nonexistent
fatty background, it is difficult if not impossible the
mammographic diagnosis of a noncalcified carcinoma,
either palpable or not. Detection of clinically occult car-
cinoma should be and it is the major goal in breast imaging.

The use of Papanicolaou smear has achieved early diag-
nosis and cure of in situ and minimally invasive cervical
cancer. State of the art mammography is also a diagnostic
tool, that consistently diagnoses nonclinical small car-
cinomas.

Despite that mammographic sensitivity and specificity it
is higher than in any previous time, not all “early” or small
carcinomas are mammographically identified, some are
found incidentally during surgical biopsy of other palpable
or not, suspicious areas. Eventually some in situ lesions are
clinically detected despite the general acceptance, that in situ
carcinomas are not palpable. What may be clinically de-
tected, are connective tissue and/or cystic lesions, produced
by perhaps an unknown tumor factor that “excites” the
surrounding tissue.

Generally a small nonclinical cancer, can be mammo-
graphically detected by subtle indirect radiographic findings
such as:

Microcalcifications

Asymmetrical retroareolar dilated duct

Distortion of the glandular architecture

Asymmetrical developing densities.

Breast calcifications are the commoner isolated mammo-
graphic findings that reflect the presence of an incipient
carcinoma, most likely intraductal or lobular carcinoma in
situ. Sometimes, that small carcinomas are near this micro-
calcification. We know that the majority of breast calcifi-
cations as well as the majority of breast lumps, are non-
malignant. Because malignant microcalcifications are not all
clearly visible in dense breast, its identifications and differen-
tial diagnosis are directly proportional to the quality of
mammograms. Because they are only mammographically
visible, this is the major substantial advantage of mammo-
graphy in comparison with other noninvasive diagnostic
existent methods; since they are not capable of detecting this
important microcalcification.

Furthermore identification of certain types of cluster or
microcalcifications implied a substantial risk of carcinoma.
Presence of irregular curvilinear, linear and/or branching
calcifications practically always (95%) was associated with
carcinoma and should be considered “Typical”. Our results
are similar to the Sigfusson and Anderson (36) results. After
reviewing 501 nonclinical carcinomas detected by mammo-
graphy only, carcinomas detected by cluster of microcalcifi-
cations in absence of a mass, were 64% noninvasive in our
cases and 57% in the Swedish group. In the invasive group
10% > 10mm. 16.5% > 10mm in our group. Axillary
metastases were present in 7% of the invasive carcinomas in
the Sigfusson group, 8.5% in our similar group. In our
experience the most important incident sign of malignancy
the presence of a single or few cluster of calcifications of
irregular type and probably linear (ductal) that Sigfusson
and Anderson called Risk 1 and 2 should always imply a
recommendation of surgical biopsy with preoperative local-
ization and specimen radiography. If for any reason biopsy
is not contemplated mandatory follow-up in 6 months and
then yearly should be obtained regardless of patient’s age.

In addition certain microcalcifications, appearing or in-
creasing during an observation period (median 24 months)
implied a larger risk than those remaining unchanged (36).

Another indirect sign we have to consider in our search
for small carcinomas is related to asymmetry of breast tis-
sue. In general, the breasts are symmetrical on comparison.
If they are not similar in comparable breast regions in both
routine mammographic projections, a pathological process
should be suspected, in absence of previous abscess, biopsy,
blunt trauma or significant congenital asymmetry in size.
There are benign and malignant conditions producing asym-
metry and should not be considered pathognomonic of
malignancy. Previous mammograms will help in deciding if
a biopsy should be suggested in our report. In certain bor-
derline cases follow-up in 3-6 months should be recom-
mended to confirm or not stability. Special compression and
eventual magnification as well as ultrasonic evaluation of
that region may provide valuable additional information as
to be stronger in leading toward a biopsy or not.

A developing density is another indirect sign that should
be carefully scrutinized since in patients from 35 years and
over, their mammary glands are in involution. Exceptions
should be if there are clinical information of repeated hor-
monal medication. The presence of a baseline mammogram
is essential in confirming the presence of this sign, that
although, it is not pathognomonic of malignancy, a signifi-
cant number will be developing cancers. Exceptions and
reevaluation indications in borderline cases, like when we
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Literature BCDDP et al.
Total no. of breast cancers 3661 (10) 3557 (11) 983
True-positive rate for cancer 87.2% 89.0% 91.0%
False-negative rate for cancer 12.8% 8.6% 0.6%
Clinically occult 17.0% 41.6% 51.0%
False-positive 14.9% — —
Unknown — 2.4% 2.5%

consider asymmetrical areas, can also be applied to this sign.

Since most breast carcinomas are ductal in origin and
produce invasive duct lesions, the mammographic sign of a
dilatated asymmetrical duct of 3dm or more in length
should be regarded with suspicion. Although there are non-
malignant conditions such as ductal epithelial hyperplasia
with or without atypia, papillomas, or simple intraductal
debris can reproduce this sign.

The asymmetrical ductal ectasia is visualized, if there is
enough “fatty” background. Obviously in breast of severe
density, this sign will be very difficult to detect. Again special
mammographic compression with a small compression pad,
may help in certain borderline cases. In our experience we
use the tomographic water immersed ultrasound with ro-
tational techniques, that provide the best methodology to
evaluate the ductal system, in absence of active secreting
nipple discharge. However the presence of a progressive
dilated duct, after comparison with previous mammograms,
warrant a biopsy, because the possibility of an intraductal
malignant lesion should be excluded. When we consider
these indirect signs while evaluating our daily mammo-
grams, certainly we will increase detection of small breast
carcinomas, that have been proven are of good prognosis.
There will be a number of false positives, but with experience
this will be reduced to an adequate proportion. Referring
physicians should be informed of the possibility of benign
lesions when recommending excisional biopsy.

OTHER BREAST IMAGING TECHNIQUES

Multiple breast diagnostic modalities, other than mammo-
graphy, are currently being used. Their value in breast can-
cer detection is yet to be determined. Other than computed
tomography, these modalities are nonirradiating systems.
Although it seems reasonable to search for a radiation-free
system that would be valuable in detecting nonclinical can-
cer, it is conclusively evident that none can duplicate the
mammographic accuracy, if state of the art mammography
is used.

At best, additional nonirradiating systems like echo-
graphy can be considered complementary to physical exam
and state of the art mammography. At worst, these various
available techniques, produce a degree of confusion in the
general public and certain physicians, as to when these
available diagnostic modalities may, if at all, become useful.

It is therefore our intention to scrutinize when they would
be applicable.

There is a clear difference between the two well-known
applications of breast diagnostic modalities: diagnosis and
screening. In the former, we see patients with symptoms

and/or clinical findings that are presumably pathological, if
not malignant.

When used as a screening modality, breast imaging is
performed on asymptomatic patients because of age, family
history of breast cancer, or other risk factors mentioned
elsewhere in this chapter. The goal is to detect a tumor
before it is large enough to be palpated either on breast
self-examination or by routine physical exam.

In our experience there is only one possible place for an
alternative technique: to complement a questionable clinical
and/or mammographic finding or findings.

ECHOGRAPHY

Ultrasonography is based on the utilization of high
frequency sound waves to produce images of the area in
question and/or the anatomical breast structures. As a non-
irradiating system, the theoretic carcinogenesis of this mo-
dality is nonexistent at the levels of clinical use.

The main indication of breast ultrasound is to differen-
tiate between cystic and solid lesions that yield an accuracy
superior to physical exam and mammography for this par-
ticular purpose. It can be argued that cyst aspiration can
provide faster, more economic, and no less accurate results
in this differential diagnosis, associated with therapeutic
capabilities if the lesion is indeed cystic.

Unfortunately if a cystic lesion is associated with malig-
nant microcalcifications in another area of the same or
opposite breast, these will not be detected by this aspiration
or any complementary modality, other than state of the art
mammography.

We believe that the usefulness of breast ultrasound, beside
differentiating a cystic from a solid lesion, lies in the multi-
plicity of sonographic signs available, helping to classify a
lesion as “‘most probably benign” and this obviating un-
necessary biopsies.

Echographic search of the area, to confirm, or deny the
presence of a mass is of singular importance. Additionally,
we can provide information about intrinsic echoes, con-
figuration, and associated sound transmission that can sug-
gest malignancy when associated with mammographic and/
or clinical findings. This information is of capital impor-
tance in detection of nonclinical carcinoma. Utilization of
breast ultrasonography as a complement to physical exam
and good mammography certainly enhances our confidence
in reporting benign and maligant lesions. This we reported
on the occasion of The 4th International Breast Congress in
July, 1985, held in Sydney, Australia. We presented a review
of 2,031 cases in which ultrasonography was utilized as a
complement, yielding an accuracy of 94% in small malig-
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Table 4. Comparison of time intervals of persons with breast cancer
and control.

Completed years Study Control
2 11 8
3 17 19
4 24 38
5 39 63
6 55 88
7 70 106
8 83 116
9 89 126
10 94 133

nant lesions and 98% in identification of benign pathology
(28).

On screening we utilized, after mammography, the water
path instrument with tomographic capabilities in evaluating
dense “young breasts” in the high risk group for breast
cancer due to premenopausal maternae breast cancer, in-
stead of yearly sequence of mammographic examinations.
We were able to limit follow-up irradiation to a single
medial-lateral mammographic projection every 2 years,
looking for microcalcifications. We followed these patients
with yearly tomographic breast ultrasound, for exclusion of
small solid masses deeply situated in the breast.

The same tomographic, rotational sonographic modality
was useful in evaluating patients who have breast implants.
These patients generally have a limited mammographic
evaluation, because of lack of adequate compression.

Both tomographic and handheld ultrasound modalities
have been useful in evaluating patients with mass lesions,
seen on only one mammographic projection and for pre-
operative needle-localization, for nonclinical malignant
mass lesions, respectively.

140

Ultrasonic guidance was also useful in aspirating non-
clinical, deeply situated, small, cystic lesions that otherwise
would need a biopsy. It was also useful in obtaining diagnos-
tic specimens from breast abscesses with minimal pus con-
tent. The latter clinically and mammographically resemble
carcinomas when inflammatory signs are subtle.

From our results we feel that ultrasound is the most useful
complementary technique to physical examination -
mammography in evaluating breast pathology, in diagnosis
and/or screening, when indicated.

OTHER IMAGING MODALITIES

In addition to ultrasound, magnetic resonance is another
imaging modality capable of defining cystic changes as such
(15). It is much more expensive, takes much longer to per-
form and, as opposed to ultrasound, its niche in the diag-
nosis of breast disease is to be determined. T, — weighing se-
quences are being used initially, and T, - weighted sequences
are subsequently obtained, if needed, through regions of
concern (1). Up until the recent advent of simultaneous
imaging with dedicated surface coils (44), the total amount
of time needed ranged from 60-90 minutes.

Fibroadenomas, the most common solid mass encoun-
tered in breast screening, are routinely seen if greater than a
centimeter (8). This compares unfavorably with ultrasound.

Recognition of malignant lesions currently is limited to
configurational analysis. Signal characteristics do not
presently have the gray scale range of low-dose grid-film-
screen mammography (15).

Microcalcifications are not seen.

Diaphanography (transillumination) has been used as an
adjunct to physical examination in the diagnosis of breast
lesions since at least 1929 (7). It is without risk, may detect
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subclinical lesions, and its accuracy is much less than state
of the art mammography (12). It is useless in breasts con-
taining hemorrhage, whether iatrogenic or secondary to
trauma, the involved area appears indistinguishable from a
malignant lesion. Because of its innocuousness and relative
low cost, it may have a place (when ultrasound is not avail-
able) complementing physical examination and mammo-
graphy.

Thermography uses the infrared spectrum to image breast
pathology. It is more of a prognostic tool than an imaging,
diagnostic modality (23).

Muller et al. recently compared computed tomography
(CT) and mammography. CT yielded little new information.
The accuracy of mammography was proven superior in a
group of 33 patients. CT may be of value in the evaluation
of the patient prior to radiotherapy (33).
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STAGNATION OF THE TREATMENT QUOTA FOR CERTAIN
NEOPLASMS: A CRITICAL EVALUATION OF CONTEMPORARY
ANTICANCER METHODS

E.H. KROKOWSKI*

Without any doubt, cancer research has produced a number
of important discoveries during the last decades - neverthe-
less, a decisive breakthrough has not occurred. The events
leading to the development of cancer have not been ex-
plained, and thus it is not yet possible through elimination
of the cause of cancer, to prevent the disease in the early
stages. Experimental cancer research using animals has
identified many chemical carcinogens. Additional support
for the general opinion that 60-90% of all cancer cases can
be related to environmental causes comes from epidemio-
logical observations. A number of correlations between the
effects of carcinogens, as identified from animal experi-
ments, and cancer frequency in exposed persons have been
established. Furthermore, it was discovered that distinct
differences exist in cancer localizations/rates worldwide and
that the cancer rates prevalent for a particular country will
gradually change, if an inhabitant removes to another
country having different cancer frequencies. He and his
descendents will now adapt to the cancer rates of the new
country.

There are two arguments which can be brought against
this hypothesis even though it is supported by epidemiologi-
cal research: First, epidemiological investigations allow
drawing correlations between suspected carcinogens and
cancer localization, but a causality cannot always be derived
from it with a reasonable degree of certainty. Second, P.
Koeppe (9) shows the following: If it could be possible to
attain, for example, the low lung-cancer mortality in Mexi-
co, the low stomach cancer rate in the United States, and the
low rate of prostate cancer in Japan, etc., then it should be
possible to reduce cancer incidence by a factor of 8-10. This
opinion has to be considered incorrect because the death
statistics, standardized by age, of all cancers when con-
sidered worldwide, show an extraordinary agreement; in
other words, if a certain cancer occurs only rarely in one
country, then we find most likely a correspondingly higher
rate of cancer of another organ, so that the sum of all
cancers of the various organs remains nearly constant. This
indicates that cancer prevention is not possible. An extensive
investigation by Junghans and Sachs (8) concluded that
prevention of cervical carcinoma does not influence the
general cancer morbidity! Female patients who had the
cervix removed, conized, or electro-coagulated, or had the
uterus removed for preventive reasons, were just as endan-

*Professor E.H. Krokowski, M.D., D.Sc. died November 5, 1985.
The editorial decision was made to leave this contribution
unchanged.
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gered later by malignant tumors at other sites as untreated
patients of the same age groups.

Thus we should remember that cancer mortality, when
corrected for age and numbers, has remained almost con-
stant since 1900. According to recent investigations, this
statement holds for all countries. Further if in one country
cancer of one site is particularly low or if its rate diminishes,
then cancers of other sites are especially high or are increas-
ing, so that the sum of all cancers remains relatively con-
stant. Initially this statement seems to contradict the undis-
puted fact that cancer has increased greatly during the last
decades. But it is essential that the age distribution of the
populace be considered for a small change in the age struc-
ture can have a considerable effect on the absolute number
of cancer deaths. Therefore it is important to discuss the
relationship between cancer and age, namely three different
associations:

Cancer magnitude. Related to all the people alive, the num-
ber of cancer deaths increases due to the increased longevity
of the people.

Cancer frequency. Related to a certain number of the people
alive; cancer mortality M increases within certain limits with
about the fifth power of age A:

M = aA’

Cancer danger. Related to the same age group and number
of people in it, cancer mortality has remained almost con-
stant over several decades. In the following discussion hema-
tological and lymphatic malignant diseases are not con-
sidered, because in the context of age distribution, course of
disease and spreading of disease, they differ considerably
from the cancers of specific organs and they represent a
separate group among the malignant diseases.

Since we have been unsuccessful thus far to prevent cancer
significantly, special attention was given to recognize cancer
early. This goal is in agreement with the general medical
experience that the sooner a disease is diagnosed it can be
cured earlier and easier. Without any doubt, this is true for
cancer. For example: Pichlmayr, Buettner, and Meyer (17)
reported on the results of the surgical treatment of stomach
carcinoma. From the actualized survival curves of patients
with stomach resection in early carcinoma, it could be seen
that the 5-year survival rate came to 77.0%, analogous to
those reported from Japan. Nevertheless, this information
can lead to a misinterpretation, because in West Germany
only about 6% of all stomach carcinoma patients are being

A.L. Goldson (ed.), Cancer Management in Man: Detection, Diagnosis, Surgery. Radiology, Chronobiology, Endocrine Therapy.
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operated on in the early stage! This means that for 94% of
all patients the success rate cited above is irrelevant.

The average S-year survival rate for patients with stomach
carcinoma is about 10 percent which means that within a
quarter of a century the percentage of patients cured has not
increased appreciably. A similar result can be found in other
malignant diseases so that we have to conclude that the
S-year survival rate has remained practically constant over
the last 25 years (see further Krokowski) (10). This state-
ment is also supported by the Sth report of the National
Cancer Institute. The 5-year survival rate of all cancer
patients has increased within the period from 1950 (plus 5
years observation period) to 1973 (plus 5 years observation
period), from 39% to 41%. This means, therefore, that
within almost 25 years the 5-year survival rate for all types
of cancer has improved by only 2%! This result is disap-
pointing because during the same time there was a great
improvement in anesthesiology, surgery, and radiation
techniques; cytostatic therapy was developed, and numer-
ous organizational efforts were made to decrease cancer
danger.*

In summary we must conclude that an improvement and
expansion of therapeutic methods did not yield a definite
improvement in the successful treatment of cancer. For this
reason, attempts were made in the Federal Republic of
Germany and other countries to improve the results through
cancer prophylaxis in the form of mass screening (3). How-
ever, one regretfully has to conclude that the program did
not fulfill expectations. Currently, the emphasis is on early
diagnostic examinations. But cancer prophylaxis and early
diagnostic examinations are not the same! Cancer prophy-
laxis is intended as mass screening for the early recognition
of present cancer, while early recognition pertains to the
individual investigation of all organs that can be reached
with trustworthy means. It includes, for example, inspection
of the skin (skin cancer, melanoma), investigation of the
nose-throat area, mammography, investigation of the intes-
tines, gynecological testing including colposcopy, the finger-
ing of the testicles, x-ray and ultrasonic investigation of the
kidneys, etc. Such investigations for early diagnosis of can-
cer must be fully supported. Investigations on early recog-
nition however, cannot be considered as part of the widely
advertised cancer prophylaxis program which was initially
proposed as mass screening. These investigations on early
diagnosis surpass the technical and experience-related capa-
bilities of a family physician and require collaboration by
specialists from various disciplines. To put this into practice
and to make it beneficial to a broad segment of the populace
requires much effort and money. But even if such a program
could be realized, one would have to consider the psycholo-
gical effect on those tested: it could create the idea that this
comprehensive testing program would certify that they are
free of cancer - an assumption which, naturally, is not true.
Thus, we have to search for other means to defuse the cancer
problem, which in the mind of the public has become the
number one health problem. The present concept of modern
cancer therapy rests on two theses, which we must regard as
dogmas, because they cannot be derived scientifically and
logically:

*In addition to the papers already mentioned see further reports in:
Rheinisches Aerzteblatt; Wiener Medizinische Wochenschrift.

1. Abnormal tissue that cannot be “made normal” has to
be removed from the organism, and

2. The nature of cancer leads to a tumor, therefore a local
event, which can become a general disease only in its final
phase, namely through metastases or increased cachexia. If
both prerequisites, 1 and 2, are correct, then cancer should
be curable in most patients, because at present, it is not that
difficult in most cases to remove the tumor completely.
Nevertheless, at present only about 35-40% can be cured,
and about two-thirds of all cancer patients die from the
disease. Thus there is a justification to improve the present-
day means for removing or destroying the tumor through
surgery, irradiation or cytostatic drugs, but also to question
the basic prerequisites of the present concepts of therapy.

[s it really necessary to remove abnormal, that is, malig-
nant tissue in each case as quickly as possible from the body?
There are sufficient examples showing that it is better to live
with the cancer than to remove the tumor from the organism
through extensive surgery with subsequent damage like am-
putation, anus praeter naturalis, ureter transplant, im-
potence, etc. We refer to dormant cancer, which is known
from the prostate, cervix, and mamma; most likely it is
present in all organs and tissues.

Furthermore, the results of Gregl (7) show that older
women having breast carcinoma will live longer without
treatment than after palliative or radical therapy. This leads
to the conclusion that therapy in older women with breast
carcinoma should be avoided. In addition, most oncologists
know of numerous observations where a tumor was present
for a long time, sometimes up to a decade or more, without
leading to the death of the tumor carrier, or without serious
disease symptoms in the patient during the remaining life
span.

The second prerequisite also has to undergo scrutiny: is
cancer really a local phenomenon or must it be regarded as
a general disturbance? On the one hand, there is no doubt
that a tumor can be removed in the early stage, with the best
chance for complete cure, without causing a general tend-
ency towards other cancers which would make a cure im-
possible. On the other hand, cancer growth is not completely
autonomous, as is often assumed and maintained. Thus,
cancer cells in culture can show a tumor doubling time of
one day, while cells of the same tumor in a host organism
can have a doubling time of 60 days, showing a markedly
slower growth rate. The host organism, therefore, slows
down the tumor’s growth. Is there an analogy to other
diseases? As an example: Is pneumonia a local sickness of
the lung or is it a general sickness? What would happen if
during an early lobular pneumonia the diseased lung would
be removed surgically? The lobular pneumonia would be
removed, but to conclude that this sickness of the lung is a
local event, would be presumptious. The development of
pneumonia occurs because of a temporary breakdown of the
defense towards pathogens. The causative factors are the
pathogens themselves; in addition, it requires a (general)
exposure stress (“‘a cold”). The pathogens as the necessary,
but not necessarily sufficient prerequisite for the cause of
pneumonia, act organ-specifically; disposition and ex-
posure, however, act on the total body, so that the recogniz-
able symptoms, like changes in the blood count, fever, tend-
ency to perspire, loss of appetite, etc. are a definite sign of
a general disorder. Similar situations are valid for other
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diseases. When this knowledge is applied to cancer, then it
becomes obvious that the question, whether cancer is a local
or general disease, is inappropriate. The disposition has to
be present; it is possible that every person has the precon-
dition for forming so-called ‘malignant cells’. The tendency
towards the formation of cancer depends strongly on age for
it increases considerably with age. The so-called ‘car-
cinogens’ (predominantly chemical substances of varying
structure) have the capability for releasing the blocked
oncogenes and cancer growth begins — at first unnoticed and
unnoticeable, until the tumor can be diagnosed through
direct or indirect symptoms, a hypothesis supported by the
research of Ladik and co-workers (5, 7, 8, 10-13, 15, 18, 19).
Their quantum-mechanical investigation of the electron dis-
tribution in the DNA, in the proteins, DNA-protein re-
ciprocity, and the effect of addition of carcinogens have
shown that energy band structures can appear in the DNA
or the proteins. Therefore, these biopolymers have certain
physical properties, as, for example, electrical conductivity.
The extent of the DNA-protein reciprocity is determined by
genetic control, and it depends largely on whether DNA or
proteins are conductors or insulators.

It was shown recently that human tumors contained on-
cogenes which also appear in normal human cells. In normal
cells these oncogenes are generally blocked but this blocking
can be repressed through the effects of the chemical car-
cinogens which attach to the biopolymers. The genetic in-
formation present in the oncogene can then be transmitted
to the RNA or transferred to the protein. Therefore, the
information leading to cancer is normally present in each
cell, but it is usually blocked or inactive. Once carcinogens
enter, the blockade can be removed and cancer growth can
occur. Apparently, this process depends largely on age and
predisposition to cancer formation. The concept that car-
cinogens acting in the submolecular region could explain the
observations made. It does not explain why despite all the
efforts in terms of money, methods and organization, there
has been no definitive change in the results of cancer therapy
during the last two-and-a-half decades.

This phenomenon may find its explanation in the fact that
intensive therapeutic measures can lead to a complete heal-
ing in some cases, but that in others it will provoke metas-
tasis and thus a worsening of the disease.
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STAGNATION OF THE TREATMENT QUOTA FOR CERTAIN
NEOPLASMS: CHANGE IN CANCER TREATMENT SUGGESTED BY
THE ANALYSIS OF METASTATIC GROWTH

E.H. KROKOWSKI*

INTRODUCTION

There is much divergence in the achievements of cancer

treatment. Palliative tumor therapy has had remarkable’

success for in many cases patients suffering from advanced
cancer could be kept in comparatively good health, their
chance of survival could be extended, and the painful final
stage could be alleviated.

The curative results, on the other hand, are not as satisfac-
tory. There are numerous papers presenting positive results,
but a careful examination shows that these were frequently
based on selected patients. Thus only patients in early stages
were treated or those with acute lymphatic leukemia or
Hodgkin’s disease, which represent only a small percentage
of all types of cancer. For a general review of curative results
one should consider only statistical investigations based on
comparatively large numbers of patients. To judge the suc-
cess of therapy for bronchial carcinoma, postoperative sta-
tistics of 14,927 patients from 16 surgery departments in
Germany were analyzed in 1976 (1). The S-year-survival rate
was 23% of the patients who underwent surgery, but due to
the fact that two-thirds of all patients were beyond surgery
only 7% of all patients reached that S-year-limit. These
figures do not differ significantly from those of Oeser in 1954
(19). A similar study on the statistical material after radia-
tion therapy from 17 German hospitals again did not show
any improvement compared with the results of 1954 (10).
Only 2% of all patients with bronchial carcinoma reached
the 5-ycar-limit.

In the case of stomach carcinoma, statistics from the
surgical department of the University Hospital in Bonn (20)
showed a 5-year-survival rate for patients in tumor stage T,
of 47.5%; in T, of 43%; in T; of 19%, and in T, of 6.5%,
respectively. The rates of 47.5% and 43% for the stages T,
and T,, respectively, demonstrate the success of early surgi-
cal treatment of stomach carcinoma; but one has to note
that these early stages contributed only 6% of all surgical
treated stomach carcinoma cases. Ninety-four percent of all
patients with stomach carcinoma were in stages T; and T,.
Taking into account all stomach carcinoma patients, a 5-
year-survival rate of only slightly more than 10% results.
Furthermore, according to Junghans and Ott (12) during
the last 50 years results for stomach carcinoma have not
changed significantly.

* Professor E.H. Krokowski, M.D., D.Sc., died November 5, 1985.
The editorial decision was made to leave the chapter essentially
unchanged.
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A similar unfavorable result is encountered with bladder
cancer. Improvement in radiation techniques did not result
in an improvement of the statistics (15). Although the
change from conventional therapy to telecobalt- or betatron
irradiatic resulted in a considerable improvement in sympto-
matic or palliative therapy, no increase in the percentage of
cures was achieved. Investigations on rectal carcinoma and
other tumors complement these findings (6). A recent report
of the National Cancer Institute shows a 5-year-survival rate
of 39% for the period from 1950 to 1959 and of 41% for the
period from 1967 to 1973. This extensive statistical study
points again to the lack of decisive improvements during the
last 20 years. The situation is similar for mammary car-
cinoma. Comparison of the results reported by Kaiser and
Karrer (13) with those of Oeser (19) reveals the lack of any
noticeable progress during the last 25 years, if the data are
correlated as to equivalent stages and sizes of the tumors.
The statistics of Benninghoff and Tsien (2) show a 44%
average rate for 5-year-survival while the evaluation of our
data from 1976 yields 42%, compared to the level of 38% 40
years ago. The slight improvement may be attributed to
better informed patients, improved methods of diagnosis,
and that more patients enter therapy at a more favorable
stage of the disease. There are other investigations which

differ appreciably from these 5-year-survival rates. Kaiser
and Karrer (13), for instance, find 60% while Seeberg (29)
reports 25%.

Is there an explanation for these appreciable deviations?
Is one particular method of surgery or technique of radia-
tion more successful than others?

The worldwide studies by Benninghoff and Tsien (2) of
25,879 female mammary carcinoma patients offer one ex-
planation for these differences: Neither the kind nor the
quality nor the length of therapy was found to be decisive
for the results but only the composition of the sample of
patients.

The chance of survival was found to be high whenever the
number of patients at an early stage of the disease was high.
There was a particularly low probability of a 5-year-survival
encountered in groups with a large number of patients
having cancer in an advanced stage.

Therefore a noticeable improvement in the 5-year-
survival rate with tumors of the same stage has not been
achieved during the last two or three decades in spite of the
progress made in the techniques of anesthesia, surgery and
radiation therapy. There may be essentially two reasons for
this lack of improvement.

Early diagnosis of cancer will allow the initiation of

A.L. Goldson (ed.), Cancer Management in Man: Detection, Diagnosis, Surgery, Radiology, Chronobiology. Endocrine Therapy.
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therapy during a less serious stage of the disease. General
prophylactic check-ups, however, were not as successful as
anticipated since a relatively small portion of the population
made use of this opportunity. Another reason was that the
general prophylactic examination was often performed in
inappropriate cases. Prophylactic cancer examinations
should be directed toward those cancer types for which an
early diagnosis and thus an early curative treatment is fea-
sible (taking into account the present state of technically and
financially practicable methods of examination). These are,
especially, mammary carcinoma, gynecological carcinomas,
cancer of the stomach (which is frequently encountered in
certain geographical regions), and seminoma.

The second reason is connected with the proliferation of
tumor cells eventually leading to metastases; this process
cannot yet be controlled. In many cases in which one had
presumably totally removed the primary tumor by surgery,
or destroyed it by radiotherapeutical treatment, metastases
have been observed after a certain time. This development
then determined the fate of the patient: development of
metastases and healing are inversely related, and a cure is
possible despite metastases only in exceptional cases, such as
the carcinoma of the thyroid gland where radioactive iodine
is accumulated. Eighty to 90% of the deaths of cancer
patients are due to the appearance of metastases; only 10 to
20% can be related to the immediate local effects of the
primary tumor. The appearance or nonappearance of
metastases must therefore be considered as crucial in deter-
mining the fate of the patient. Accordingly, we will analyze
the conditions for the development of metastases.

OCCURRENCE AND LOCALIZATION OF THE
METASTASES

The degree of metastasis formation for different types of
cancer has been determined by Denoix (4) from 1,103 autop-
sies. On the average 20 metastases were found per deceased
patient. This figure, which varies only slightly with the
proliferative capacity of the tumor, leads us to assume that
all metastases originated from the primary tumor. The pat-
tern of localizations of metastases for different tumors
shows well-defined characteristics. Detailed descriptions
have been made by Walther (23), Bienengraber (3), Her-
mann (11) and others.

TIME SEQUENCE OF FORMATION OF
METASTASES

The time of the first treatment will be taken as a reference
point. Since x-ray photography of the thoracic organs is the
best chance for early recognition of metastasis, we con-
centrate here on its appearance in the lung.

For seven different kinds of malignant tumors, the time
sequence of the appearances of lung metastases has been
determined (Figure 1). In the lower part of Figure 1 the
corresponding tumor duplication time is given for every
kind of tumor. It is clear from the correlation of tumor
duplication time and time sequence of metastases that the
time interval between the first treatment and the diagnosis of
lung metastases for the fast growing tumors (seminoma,
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Figure 1. Top, time interval between operation and diagnosis of
lung metastases for seven different types of tumors. Bottom tumor
doubling time for the same types of tumor. The teratomas indicated
in Figures 1, 3, 4 and 6 were testicular teratomas.

sarcoma, melanoma) is shorter than for the slowly growing
ones (rectal, bronchial, mammary carcinoma and hyper-
nephroma). Since, however, the “fast” metastases cross the
diagnostic threshold earlier than the “slow” ones, one has to
conclude that both have started at the same time. But when
did metastasis begin?

GROWTH OF METASTASES

The growth of lung metastases can be determined from a
series of x-ray photographs of the changes in size as a
function of time. An error analysis of this method has been
carried out by Welin (24), Wolff (25) and by Keller and

Kallert (14). To be able to extrapolate the measured growth

curves of the metastases to the preclinical time with a suf-

ficient certainty, two conditions have to be fulfilled:

1. One has to observe as long as possible the growth process
in the particular case to be able to determine the in-
dividual growth curve as exactly as possible

2. One has to analyze a great many examples to be able to
recognize the principal features of the growth curves.

We have investigated a total of 2,893 metastases in 568

patients who had different kinds of tumors.
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Figure 2. A, progress of intrapulmonary metastases measured from x-rays of a fibrosarcoma of the leg in a 61-year-old patient; inset A,
mathematical formula; B, extrapolation of the measured curves; C, transposition of the measured extrapolated curve into a double-logarith-

mic matrix.

Kind of tumor Number of

metastases measured

Number of patients

Seminoma, teratoma 72 498
Sarcoma 92 736
Melanoma 59 421
Bronchial ca. 28 31
Rectal ca. 8 14
Hypernephroma 112 238
Mammary ca. 191 955

Using the example of lung metastases from a sarcoma of a
61-year-old patient, the main features of the method are
shown (Figure 2). The same growth curves can be observed
in implanted tumors in animal experiments.

Figure 3 summarizes the growth curves of lung metastases
for one kind of tumor but for different patients, where for
clarity only part of the analyzed curve is drawn.

After averaging, we tried to show for each of the seven
types of cancer under investigation the typical course of
metastases and to derive an equation for the growth.

The starting point for this is the experimental observation
that for unperturbed growth of tumor cells there is a propor-
tionality between the rate of growth at time t and the
amount D existing at that time

D — alphaD

The solution of this differential equation gives the equation
for the unperturbed growth

D = a ealphal
where a is the starting amount and alpha is the proportional-

ity factor of growth. However, if this growth takes place in
a host organism the host influences the growth. On the basis

of the empirical data one can conclude that this influence
can be described by a logarithmic function. Since the process
is not independent, the perturbation function has to be com-
bined by multiplication with a general growth function,
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To be able to write a functional relationship between b, ¢
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Figure 3. Growth curves of lung metastases in various patients. A,
primary tumor; teratoma; B, primary tumor; mamma carcinoma.
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and d, we started with the assumption that at time t = 0 the
rate of growth is 0. In this way we obtain:

DO) = D, » D, = ac® ~ 0,006cm
(experimental observation)
b
D(tl) = D, - D, = aem
D(t,) D D ae b
= —_ = —_—
: : : ctd + dt, + 1
D(w) = D, —» D, = a ~ 7cm (clinical observation)
D
D, = ae’ X =@ 5= =b
a a
- InD,—lna = b = nD, —InD,
D, = aespp————— > InD;, —Ina
! P dy + 1 !
_ b
et + dt, + 1
InD, — InD,
2 + dt + | = —————— that means
o +dt+ InD, —InD,
In D, In D, 5
2 + dt, = ——————and ct; + dt
it dh = S "D, T
_ InD, - InD,
" InD,-InD,
that means
InD, —InD, ¢
InD; — InD, :
InD,—InD, _ ¢
InD, — InD, :
c =
t t!
tf t
@ InD, — In D,
"I D, —InD,
o InD, —InD,
> nD,—InD,
andd =
t t
& t

With a, b, ¢, and d, we obtain:

£t
(InD, — InD,)

L b

D = D,exp
In D, — In D, ,InD, —InD; ,| |,
= i ————— | (Ut
InD, — InD, InD, — InD,

£+ t
lnDk—lnD2t ,InDy —InD, X
InD,—InD, ° ‘InD, — InD, A

This expression for perturbed growth formed the basis for
further investigation of the metastatic growths of different
kinds of tumors. The amount of tumor is characterized by
the diameter D, for which the following values can be cal-
culated. In addition, the scattering regions of the tumors can
be determined from the data obtained with the aid of x-ray
investigations. Accordingly one obtains the following
metastatic growth functions for the different kinds of
tumors with the additional assumption that at time t = 0
there exists a critical tumor volume with a diameter of
0.006 cm.

SEMINOMA
D = Texp —7.06
0,000117 2 — 0,00357 t + 1
D_, = Texp — 7,06
0,00039963 t* — 0,016283 t + 1
D =7 —17,06

exp
0,000054527 t* — 0,00090152 t + 1

MAMMARY CARCINOMA
—7,06
0,0000055 t2 + 0.0001 t + 1
—17,06
0,00001336 t* + 0,000537 t + 1

—17,06
0,00000276 t* + 0,0000099 t + 1

MELANOMA
—17,06
0,000038369 > — 0.00087757 t + 1
—17,06
0,00013205 t> — 0,014052 t + 1

—7,06
0,000018272 t* + 0,001357 t + 1

SARCOMA
—7,06
0,000078 t* — 0,00248 t + 1

—7,06

0,00018595 t* — 0,0011368 t + 1
—7,06

0,000046672 t* — 0,0038388 t + 1
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BRONCHIAL CARCINOMA

—17,06
D = Texp
0,000021277 t* — 0,00216 t + 1
D, = Texp —7.06
0,0000622 t* — 0,012646 t + 1
D,, = Texp — 706

0,000012549 t° — 0,00061817 t + 1

HYPERNEPHROID CARCINOMA
—17,06
0,00000655 t* + 0,000000859 t + 1
—17,06
0,00001164 t* + 0,0001008 t + 1
—1,06
0,000004128 t* + 0,000013567 t + 1

RECTAL CARCINOMA
—7,06
0,000007709 t* + 0,00003029 t + 1
— 17,06
0,0000179 t* + 0,0000438 t + 1
—7,06
0,0000043 t* + 0,0000232 t + 1

The time interval between operation and recognition of
lung metastases is depicted in Figure 4.

There exists a good correlation for the time intervals
between the start of the metastases and the x-ray diagnosis
of lung metastases (D = 1cm), as calculated with the aid of
the growth equation on the one hand and the measured
values on the other (Figure 5).

Some further results of the growth curve analyses:

1. Metastases grow faster and essentially more smoothly
than the original tumors.

2. The growth rates of metastases vary less than the growth
rates of the primary tumors of different types and loca-
tions.

3. Metastases released at the same time can exhibit, within
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Figure 4. Relationship between the time intervals: Operation on
lung metastases formation and tumor double time.
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Figure 5. Growth curves of lung metastases in a 20-year-old patient
with seminoma.

certain limits, different growth rates depending upon their
place of attachment.

4. We were able to confirm that late metastases are formed
by the so-called “dormant tumor cells” which grow after
activation with the rate specific for the particular tumor.
With the help of growth analysis we have succeeded in
formally describing the appearance of late metastases and
in determining the sequence of tumors of different origin
in accordance with the clinical observation.

ORIGIN AND BEGIN OF METASTASES

If we trace the metastases growth curves back to the origin

we obtain three important observations:

1. The growth curves show that metastases always originate
from primary tumors.

2. Although the scattering of tumor cells happens almost
continuously, metastases are usually formed in only one
or a few places.

3. Portions of the growth curves (spontaneous metastases)
originate before the diagnosis of cancer but other growth
curves start at the date of the first treatment.

Thus we have come to the conclusions that they may have

been caused through surgery (provoked metastases). Two

facts found from animal experiments should be taken into

account: The development of metastasis is possible only if a

fixed minimal amount of tumor cells accumulates, possibly

500+ cells (26). This critical number of cells (or diameter

Dn) varies with aggression and “‘stickiness’ of the tumor

cells, on the one hand, and on the other, with the resistance

of the affected location and the general defense mechanisms
of the patient (age, bioclimatical influences, blood viscosity,
etc.). An experiment of Schméahl (21) shows very clearly the
different defensive powers of various organs. If one injects
tumor cells into the vein of an animal, the injection acts here,
to some extent, as the primary tumor and the tumors ap-
pearing in the animal are the metastases; one hour after the
injection one can recognize active tumor cells in the blood,
spleen, liver, kidneys and lungs. Two hours after the injec-
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tion there are live tumor cells in all organs except the spleen.
A day after the injection only in the lungs are active tumor
cells which develop gradually into lung metastases. In the
other organs the tumor cells have been killed by local cell
defense mechanisms.

If the number of tumor cells from the primary tumor,
carried away in the blood and transferred to a distant loca-
tion, has exceeded the critical value, then the growth of these
micrometastases does not start immediately but with a delay
which we call implantation time. The tumor cells try to
extend their bridgehead. If they are defeated by the local
tissue defense mechanisms they perish. If, however, they
succeed in overcoming this local defense, further invasion
occurs. The metastases start to grow and the fate of the
patient is — sooner or later - determined, without the possi-
bility of clinical recognition of the outcome at that time. The
metastases may manifest themselves only after months or
even years.

One must distinguish between spontaneous and provoked
development of metastasis. It can be concluded that the
so-called spontaneous metastasis development was also in-
duced in phases of reduced defensive ability of the tumor
carrier. It is conceivable that metastases can be provoked by
surgical intervention for, metabolic changes are caused by
both anesthesia and the operation itself (we could observe,
for example, in an ovarial carcinoma the induction of lung
metastases by a tumor-independent surgery of the gall-
bladder), or surgery may cause an increased detachment of
tumor cells into the bloodstream. With increasing numbers
of circulating tumor cells, however, the probabilities of
development of metastases increase. Therefore, the proba-
bility of development of metastases increases with the size of
the primary tumor and the number of detached cells. A
comparison of three different primary tumors illustrates the
influence of the transplantability: with a diameter of 3 cm for
each species, a bronchial carcinoma has induced metastases
in 90 to 98% of the cases, a mammary carcinoma in about
50%, and a hypernephroidal carcinoma in only about 2% of
the cases. Since the different tumor species have very dif-
ferent transplantabilities, diagnosable sizes, and probabili-
ties of metastasis development, it is understandable that the
ratio of spontaneous and provoked metastases (15) varies
greatly for the different tumor species (see Figure 6). This
ratio was determined from the mass of the observations as
follows:

Tumor species Number of Provoked
spontaneous metastases
Hypernephroma 70% 30%
Mammary ca. 46% 54%
Bronchial ca. 40% 60%
Seminoma, sarcoma  15% 85%

As mentioned above our therapeutical measures in fight-
ing cancer may provoke development of metastases leading
thereby to failure. Thus therapy can produce a cure but it
also can negatively influence the fate of the patient through
the induction of metastases. In this light, the two facts which
were mentioned in the beginning - the largely constant rate
of cures over two to three decades and the time sequence,
characteristic for each tumor species, of metastatic develop-
ment after surgical intervention - find their explanation.

Over four decades animal experiments showed that sur-
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Figure 6. Proportion of induced metastases due to provoked inter-
vention as a function of the total number of lung metastases diag-
nosed, corresponding to equal tumor stages.

gery can favor metastatic development (5), as did the experi-
mental investigations of Fisher and Fisher (7). An example
of our assertion is provided by a patient with a sarcoma
where it was observed that the first operation and each
further surgery of the local recidivism led to additional lung
metastases (Figure 7). With the help of X-ray process con-
trols we could simultaneously observe different growth rates
for different lung metastases. However, if the lung metas-
tases were related to their act moment of generation, they
exhibited the same growth rate and the same implantation
time. The investigation of Gregl (9) which shows that old
women with nontreated mammary carcinoma live longer
than women of the same age who have undergone palliative
or radical therapy gives additional indirect evidence.

NEED FOR A CHANGE IN THERAPY TO AVOID
METASTATIC DEVELOPMENT (16)

To avoid or reduce a provoked metastatic development it is
advisable, to undertake prophylactic measures before the
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Figure 7. Observed metastastic growth in a 67-year-old patient with a retothelial sarcoma at the right shoulder joint. The operation of the
prime tumor and each of its local relapses caused the foundation of a pulmonary metastasis. Related to the point of metastases release,
every one of the daughter tumors has the same growth velocity and approximately the same implantation time.

surgical removal of the tumor. Proposed prophylactic meas-
ures are:
1. Immunomodulation by means of BCG or Levamisol
2. Application of anticoagulants or aggregation inhibitors
(8) (Figure 8)
3. Employment of the radiative protection effect (17, 18)
4. Use of various drugs.
Various techniques whose effectiveness is being tested at
this time aim to counteract provoked metastatic develop-
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Figure 8. Long-term prophylaxis with the pyrimido-pyrimidine de-
rivative RA 233 after operation, irradiation and the appearance of
metastatic or recurrent tumor growth in 38 pairs of patients (after
Gastpar, 1979, with permission of Thieme Publishers).

ment. If this succeeds - in a small group of patients the
radiative protection effect seems to have the desired effect -
or could overcome the plateau in the rate of cancer cure.
This opportunity presents itself, however, only once in the
course of a cancer, namely, during the implantation phase.
If, however, the metastases have reached a certain size,
which might be well below the diagnostic limit, they can no
longer be forced to reverse. Then they determine — often
after months or years - the fate of the cancer patient. Hidden
metastases, however, which are already present at the time
of the diagnosis of the cancer, cannot be influenced by these
measures.
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NEOPLASM STAGING

HANS E. KAISER

INTRODUCTION

“Important to both the physician and patient, cancer stag-
ing is an agreed upon classification for defining the extent of
a malignant tumor.” (Henson, 1985) (50).

The development of neoplastic diseases proceeds in
stages, in which general and specific aspects of abnormal
growth can be considered. The development of a neoplasm
from normal tissues up to the final stages of dissemination
and death, or temporary or permanent cure by treatment or
spontaneous regression, is a chain reaction. The general
processes are based on the fact that neoplastic growth is an
aberration of normal growth. The concept of staging of
neoplastic diseases, in relation to normal development to-
ward an organismic background, runs a common thread
through the chapters of these volumes. In man we are able
to visualize certain basic phases:

(1) Stage of toxic effects on cells and tissues by chemical
compounds, physical agents, viruses, etc.

(2) Precancerous stage

(3) Stage of carcinogenesis which, may be chemically, phys-
ically, or otherwise induced

(4) Stage of primary tumor

(5) Stage of secondary tumor, or of dissemination and death
or

(6) Temporary or permanent cure, or spontaneous regres-
sion.

These six steps vary in the development of the different
neoplasms in a single species, such as man, and besides this
of the same neoplasm in different species. In the first case,
these variations in one species are examined in the intraspe-
cies comparison and in the second, for several species, in the
interspecies comparison.

We know that the different neoplasms in our species vary
according to their histogenesis, topographical growth pat-
tern, speed of growth, metastatic aggressiveness and reac-
tion to treatment, to name only a few points. Neoplasms of
different histogenesis must be considered different diseases,
just as infectious diseases caused by different agents. We
may learn more if we consider the various specific tumors
against the background of general neoplastic development
in our own species, and in others. The present chapter deals
only with two problems: (1) the practical aspects of cancer
staging — a brief review; (2) selected, recent cases of neoplas-
tic staging.

35

1. THE PRACTICAL ASPECTS OF CANCER
STAGING

It has been shown conclusively that neoplastic development
is a multistage process. The staging of neoplastic diseases
enables the physician to select appropriate treatment meth-
ods which vary among conditions which have developed
differently. The staging of neoplasms is therefore of great
practical significance, especially for prognosis. For example,
a cancer in situ must be treated differently from the same
type of cancer which already exhibits disseminated growth.
It is possible to distinguish between stages of neoplastic
growth and related therapeutic considerations dealing with
the question of treatment. Oncogenes, chemotherapy, ad-
juvant therapy, the elimination of micrometastases and re-
sidual neoplastic cells endangering remission are important
questions. Recent findings will be dealt with in the second
part of this chapter. These facts can influence the selection
of appropriate individualized cancer therapy as outlined in
chapter 1 and other chapters.

The description of staging in the neoplastic process
presented in the Manual for Staging of Cancer by the Ameri-
can Joint Committee on Cancer remains of basic, practical
value (13). Another improved staging system which has been
developed is that adopted by the Union Internationale
Contre la Cancer - International Union Against Cancer -
(UICC). The differences in the evaluation of various neo-
plastic diseases are briefly outlined below.

For practical purposes three main types can be distin-
guished:

1. Primary tumor

2. Regional spread, or regression

3. Distant spread
ad 1) Primary tumor: Variation in the spreading of primary
tumors is given mainly by histologic type, grade of dif-
ferentiation, topographic location and size of the tumor.
ad 2) Regional spread or regression: The question of direct
spread, regional metastasis, topography of organ peculiar-
ities, and vessel supply are important.
ad 3) Distant spread: Exhibits a characteristic relationship
between seeding, primary, or secondary neoplasms, and the
resulting distant spread to particular organs.

Each neoplasm is a disease in its own right and, therefore,
will exhibit specific staging as shown above. As cancer pa-
tients survive longer, complications and new follow-up

A.L. Goldson (ed.), Cancer Management in Man: Detection, Diagnosis, Surgery, Radiology, Chronobiology, Endocrine Therapy.
© 1989, Kluwer Academic Publishers, Dordrecht. ISBN 978-94-010-7646-3
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stages may increase in the years to come. Another example
is the interaction of AIDS and Kaposi’s sarcoma. It is
noteworthy that AIDS exhibits a development by stages,
just as do neoplastic diseases (66).

2. THE VALUE OF STAGING FOR PROGRESSION
AND SURVIVAL

Staging permits the marking of segments of neoplastic pro-
gression in human tumors. It is therefore an important
diagnostic tool. From the stages which have been reached,
important clues to the appropriate treatment, or survival of
the patient, can be gained. To do this, it is necessary to
understand the characteristic development of a particular
type of neoplasm. The practical aspects were summarized by
the UICC and AJCC. The metastatic potential of a tumor is
dependent upon genetic facts and host influence. A local
tumor needs different treatment than metastases. In the
latter heterogeneity occurs among different cell clones; pos-
sibly weakening the reliability of tumor staging. Rat experi-
ments with various chemotherapeutica by Poupon and co-
workers (101) showed highly metastatic cloned cell lines,
such as subline 6, which were strongly stimulated to
proliferate by EGF. They expressed fibronectin, actively
degraded the extracellular matrix, rapidly attached to en-
dothelial vascular cells, and resisted natural killer lym-
phocytes. Inversely, weakly metastatic lines, such as subline
8, were preferentially stimulated by FGF and EDGF, poorly
expressed fibronectin, did not degrade the extracellular
matrix, attached slowly to vascular cells, and were killed by
NK lymphocytes. In malignant Miillerian tumors of the
uterus no difference existed in the pattern of recurrence or
survival among homologous, heterologous or undifferen-
tiated sarcomatous elements. But 5-year survival of 52% in
tumors confined to the uterus dropped to 28% in the case of
extension outside of the uterus (118). In this chapter, some
pertinent aspects for the understanding of the staging
process on a biological basis are offered.

3. VARIABLE STAGES OF DIFFERENT SPECIES

Histologically in various species similar neoplasms are also
found in which the staging varies. This is already the case in
typical mammalian neoplasms, such as breast cancer, as
between man and mouse, mentioned earlier, but this varia-
tion increases as taxonomic diversification progresses due to
topographic, histologic, metabolic, immunologic, and other
changes.

4. VARIABLE STAGES OF DIFFERENT HUMAN
NEOPLASMS

In human neoplasms, the progressive pattern and staging
are tumor-specific. Each staging pattern of a particular
tumor depends not on one but a number of factors which
may have a more or less important effect on its development.
Malignant melanoma of skin behaves differently than malig-
nant melanoma of the biliary ducts and here, in these exam-
ples, the topographic is the distinguishing factor. Other skin

neoplasms, such as the basal cell carcinoma, if compared to
the above-mentioned melanoma, show that metastatic
spreading almost never occurs, whereas metastasis is more’
pronounced in the squamous cell cancer of the skin.

5. VARIATION IN AGE-AND SEX-DEPENDENT
PROGRESSION

Many histologic types of neoplasms in man have a peak
occurrence in a certain age bracket. Not only does the
number of occurrences vary in certain ages but also fre-
quency and stage progression of the same tumor in different
age groups. Thus, a prognosis may be poor in one age group
and satisfactory in another. Cancers of the colon and rectum
are infrequent in children and young adults, but with a poor
prognosis, whereas the peak incidence is in middle and later
life, especially in the sixth decade; they occur twice as often
in males than in females. The two most important histologic
types of bronchial carcinoma, squamous cell carcinoma and
oat cell carcinoma, show a pronounced male preponderance
but this trend has changed somewhat toward females in
recent years. To a certain degree, age distribution is clouded
by the effects of life habits especially in middle-aged adults.
Rarer cases appear at a younger age.

6. SELECTED CASES OF STAGING IN RECENT
YEARS

In the last decade, important improvements in the treatment
of childhood malignancies, with increased survival rates,
were accomplished due to a treatment strategy in con-
sonance with the characteristics of different tumor types, in
which cases the accurate histological evaluation was of great
importance. This is particularly true, because childhood
tumors are often less well differentiated and may mimick
other small cell tumors (126). Surgery and chemotherapy
have led to excellent survival rates in children with genito-
urinary malignancy (65). Against the normal life span of a
healthy child, the 90% overall survival in the case of Wilms’
tumor is not a normal life expectancy. Computed tomo-
graphy resulted in a remarkable improvement in the staging
of certain neoplasms, but did not do so in others. New
evaluations are necessary (56). Neoplastic prognosis needs
those which were both qualitative and quantitative (9). A
combination of diagnostic and treatment modalities reduced
local recurrence and extended patient survival in sarcomas
of the extremities (32). New diagnostic modalities may make
complete surgical staging unnecessary (28). In its applica-
tion, the oxygen multistep therapy reflects the staging of
neoplastic growth (128).

Stratified squamous epithelium

Recurrent or metastatic squamous cell carcinoma of the
head and neck behaves differently, depending upon the fact
of localized or systemic recurrence (5). Radical neck dissec-
tion when modified, adapts surgery to the stage of disease
with reference to lymph node involvement. In greater node
involvement, radiotherapy is recommended as well as in the



case of extracapsular spread (88). Tumor size and location
of tongue cancer is correctly assessed by ultrasound sono-
graphy. Limitations of the method lie in the nonvisualization
of the epiglottis, of the retropharyngeal space, and bone
infiltration (37). In regard to cervix carcinoma stage I and I
55% of patients with positive pelvic nodes died after various
therapies compared to 9% of the patients with negative
nodes (3).

Stratified squamous/simple columnar epithelium

Patients with gastric cancer and with uterine cervical cancers
showed a wider spreading of macrophages in the early stages
of disease, decreasing in the advanced stage. Cytostatic
activity of the macrophages was increased in stage I of
patients with gastric cancers, and in stage I of patients with
uterine cervical cancer. There existed a significant relation-
ship between rate of spreading and cytostatic activities (81).

Computed tomography of chest and abdomen is helpful
for the preoperative staging of esophageal and gastric car-
cinoma (44). For staging of the epidermoid cancer of the
anus, see Greenall and co-workers (41). Treatment of car-
cinoma of the thoracic segment of the esophagus covers
three stages: abdominal, radiation and surgical (79). Staging
of the malignancy of cervical carcinoma reflects the tumor
biology inadequately; cell-cycle cytogenetic and malig-
nancy-grading criteria are important for improvement and
upgrading (2). Patients affected with stage I and II cervix
carcinoma treated with radiotherapy or radiation-surgery
had a follow-up of 6.5 years, with a minimum of 3 years;
survival results in both treatment modalities did not differ
substantially (68). Squamous cell carcinoma stage IB and
ITA showed with postoperative irradiation later relapse and
fewer distant metastases but no improvement in survival
(51). 57Co-bleomycin scintigraphy is valuable in the staging
of carcinoma of the cervix uteri (96). The patients with
cancers of the uterine cervix (stage IB) with smaller tumors
had a more favorable prognosis. The absolute and deter-
minate S-year survival rates were 80% and 82%, while the
absolute and determinate survival rates in the large, fungat-
ing tumor replacing the entire cervix were 56% and 60%,
respectively (93). The combination of cis-dichlorodiammine
platinum, stage I1, and radiotherapy offers promising results
in the improvement of the local-regional control of advanced
cervical carcinoma (22). Of 67 patients with cervical
carcinoma, stage IV, treated with radiotherapy, two patients
with mobile tumors extending to the bladder died from
distant metastases; two patients with regional lymph nodes
died within 3 to 4 years; all other patients with distant me-
tastases survived less than 2 years (59).

Simple cuboidal/columnar epithelium

Natural life expectancy of the host, malignant neoplastic
potential, extent of the neoplasm, and its response to treat-
ment are important aspects of the staging of prostatic cancer
(136). Magnetic resonance imaging (multiple sequences, two
orthogonal planes of imaging) is the most accurate diagnos-
tic modality for the local staging of carcinoma of the pros-
tate (54). For the detection of metastatic spread from pros-
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tatic carcinoma, bone scintigraphy is most useful, but
lymphography should be considered for the demonstration
of nodal metastases in 18% of patients (47). Carcinoma of
the prostate gland is the third leading cause of death by
cancer in American man; adequate treatment depends on
the clinical stage of this disease (119). For treatment it is
decisive if the disease is confined to the prostate gland or if
it extends beyond its capsule (94). Bone metastases and
changes in those are critical signs of staging (116). The most
frequently used method in staging prostatic carcinoma is
lymphography, which shows false positive rates varying up
to 58% and false negative rates from 11 to 66% (21, see also
75). Treatment options of D-0, D-1, and D-2 are essential
for management of newly diagnosed metastatic carcinoma
of the prostate (33); the algorithmic approach, for the
staging of renal masses (141). Tumor nephrectomy is the
only cure for hypernephroma (103). The survival of patients
with cervical cancer treated with postoperative per-
cutaneous radiotherapy shows no evidence of improvement

(16).

Simple columnar epithelium

Exact staging of early gastric cancer, recurrence and me-
tastasis together with adjuvant therapies enables a more
positive management of this disease which had until recently
a very poor prognosis (31, 60, 129). Surgical assessment of
staging of gastric carcinoma was correct for tumors in 60%
when depth of invasion was assessed; for nodes in 61%; for
liver metastases in 92%, but for all aspects in only 21%.
Staging errors did not jeopardize conventional surgical
management (78). Ultrasound could be very useful in
screening patients with gastric cancer for peritoneal dis-
semination, liver metastases, and lymph node metastases
(140). CT is useful for the tomographic staging of gastroin-
testinal malignancies (104). Staging of local invasion in
rectal cancer with endoluminal ultrasound beyond the mus-
cularis propria is predictive with a sensitivity of 97%, speci-
ficity of 92% and predictive value of 97% (14).

In endometriosis, the adoption of a satisfactory staging
system is the only way to obtain valid comparison among
homogeneous groups of patients (20). The receptor status of
primary endometrial carcinomas (stages I and II) gives im-
portant information in regard to tumor behavior (24).

Luciano and Pitkin (76) list the treatment variations of
endometriosis depending on the patients, conditions, in the
following groups: young patients with symptoms who wish
to delay childbearing; infertile patients with mild en-
dometriosis; infertile patients with moderate or greater dis-
ease; patients who remain infertile after conservative surgi-
cal treatment; patients who are not desirous of further child-
bearing; patients with endometriosis involving the organs
outside the pelvis. For endometrial carcinoma see Silverberg
(115).

Patients with endometrial carcinoma, compared for clini-
cal and surgical staging exhibited a shift to the stage as
follows: stage I, 30.4%; stage II, 62.5%; stage III, 60%; and
stage 1V, 0% (23). The 5-year survival of all stage III
patients with carcinoma of the endometrium was 35%;
clinical stage ITI showed a 5-year survival of 8% (40). Stage
[T adenocarcinoma of the endometrium displayed the asso-
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ciation of the tumor grade with increasing pathologic stage,
but not the capacity for control of the disease in the pelvis.
During therapy higher grade lesions show failure more often
at distant sites (42).

Papillary Wilms’ tumor is more aggressive than generally
believed (63). Anaplastic or sarcomatous histology and in-
volvement of the lymph node are the two most important
predictors for metastasis and general relapse in Wilms’
tumor patients. A tumor thrombus in the renal vein or
internal vena cava is another even more ominous symptom

7).

Pseudostratified columnar epithelium

Computed tomography is controversial in the diagnosis of
pulmonary nodules (142); long-term absence of expansion
and patterns of calcification are the deciding radiologic
criteria (30). Surgical staging methods have against indirect
staging techniques the advantage of superior specificity (34).
The level of such tumor markers in lung cancer as CEA,
hormone peptides and some neurogenic enzymes; in small
cell carcinoma (calcitonin, ACTH, ADH, CEA, neurophy-
sin, oxytocin, beta-endorphin, neuron-specific enolase, and
CK BB is related to the stage of disease; elevated pretreat-
ment levels decrease with tumor regression. The measure-
ment of CSF and plasma concentrations of ADH, cal-
citonin, CK BB, bombesin, and neuron-specific enolase may
contribute to the diagnosis of CNS metastases, including
meningeal carcinomatosis (45). Small cell carcinoma of the
lung showed in stage 1, 32% of three year survival, in stage
2, 25%, and in stage 3, 14% (77). A review of the treatment
of small cell lung cancer from 1973 to 1983 was given by
Morstyn and co-workers (86); see also (87). In squamous cell
carcinoma of larynx and hypopharynx no correlation of
natural killer cells was found in the extent of the disease
according to TNM classification or staging, no change of the
lysis produced by natural killer cells, nor alterations with the
age process were seen (139).

The extent of metastatic spread is the most important
factor in the estimation of survival in patients with lung
neoplasms. This is the reason for efforts to develop accurate
staging tests for pulmonary tumors, primary and metastatic
with special emphasis on the determination of tumor de-
velopment in the hilar region, and on mediastinal spread.
Computed tomography and nuclear medicine instrumenta-
tion have made remarkable progress in this direction (49,
131). Additional areas of recent research deal with warfarin,
monoclonal tumor antibodies, and chemotherapeutic and
biologic response modifiers (95).

In cases of poorly differentiated adenocarcinoma of the
lung of which the primary tumor produces both, alpha-feto-
protein and human chorionic gonadotropin. After surgery
of the primary tumor, the primary serum level 1039 ng/ml
alpha-fetoprotein decreased to the normal range 18 weeks
after surgery. The preoperative serum HCG level of 11 mIU/
ml, which temporarily decreased to the normal range after
operation, soon increased thereafter. The serum HCG level
decreased, however, to the normal range after postoperative
mediastinal radiation therapy. During relapse, only the
serum HCG level increased gradually to 26,000 mIU/ml 7
weeks before his death. The lung cancer was classified his-
tologically as poorly differentiated adenocarcinoma. Im-

munohistochemically, AFP was detected in the mononu-
clear tumor cells of the primary tumor in the lung, and HCG
was found in the giant cells of the subcarinal metastatic
lymph node. The concanavalin A non-reactive fraction rate
for AFP was 81.3%, and appeared to differ from those of
hepatocellular carcinoma and yolk sac tumor (85). The state
of the art in treatment of laryngeal cancer in the RSFSR,
comprises complex diagnostic procedures, function saving
endoprosthetic procedures, improved modifications of hori-
zontal resection, lower larynx resection, and the great effec-
tiveness of tracheo-esophageal shunting as a postlaryngec-
tomy voice rehabilitation device (91).

Transitional epithelium

The tumor DNA index, as obtained by flow cytometry of
nuclei retrieved from deparaffined sections may be especially
useful to predict tumor recurrences and perhaps also tumor
invasion of superficial bladder cancer. The subjectivity in-
volved through light microscopic evaluation may be reduced
(Weinstein, (132); see also Chapter 54). As in prostate can-
cer, computed tomography can be useful in the staging of
bladder cancer (7). Multiple cell markers in bladder cancer
have been of value in assessing the prognosis of this
heterogeneous tumor (61). The merit of preoperative ir-
radiation for bladder cancer (136), radical surgery for car-
cinoma of the deep male urethra (35a), and methods for
carcinoma of the urethra in women (108) illustrate the spe-
cific character of the different diseases mentioned deriving
from transitional cell epithelium as entities in their own
right, which require a specific staging. The degree of local
spreading of bladder cancer is an important part of the
staging of the disease (82).

Mammary glands

Breast self-examination is an inexpensive, simple method,
which may detect early stages of neoplastic development; the
gaining of time for efficacious treatment should not be ig-
nored. The impact on breast cancer mortality is difficult to
assess (80). Knowledge of the presence or absence of internal
mammary node metastases is of great prognostic impor-
tance. Biopsies should be carried out as long as invasive
methods are possible (127). Determination of growth frac-
tions by the monoclonal antibody Ki-67 may be useful for
the routine evaluation of grading of mammary cancer (71).

Carcinoma of the breast metastasizes to all organs. Early
treated breast cancer, stages I, IT and III, may be followed
by recurrence which can spread locally, regional or distant
or exhibit a combined pattern, Table 1 ((70); see also Chap-
ter 8, Volume VI). The pathologic information to stage
breast cancer includes tumor size, histologic type, histologic
grade, and presence or absence of metastases to the lymph
nodes and distant locations (58). Early stage breast cancer
requires multidisciplinary cooperation (12). More and more
usage of conservative surgery for early (stages I and II)
breast cancer has developed in the last decade and combined
with radiation has achieved comparable results with 10-
year-survival. Recurrence could be kept at least regional.
This type of treatment is major progress (29). Sixty-two
cases of breast carcinoma developing inside a fibroadenoma



of the breast are known, with an age peak of 42.4 years. All
of these combined tumors developed in women (98).

Pure mucinous carcinomas of the breast should be distin-
guished from mixed carcinomas, especially with regard to
the lymph node status and progression (106). Routine
screening after mastectomy is valuable in the detection of
new stages of the disease, such as recurrences, but it exerts
minimal influence on survival (124). A large number of
breast cancer patients are encountered in stage I lesions; this
indicates that the great majority of patients who are free of
disease, 15 years after aggressive primary therapy remain so
thereafter (125).

Canine mammary gland tumors

Such tumors are described by Ferguson (36); see Chapter
20, Volume V.

Liver

A new staging scheme for liver cancer, especially encap-
sulated hepatocellular cancer, has been described by Okuda
(90). This tumor is increasingly noted and is most common
in Japan, but nearly non-existent in the West. Ultrasound
permits accurate measurement of the speed of tumor
growth.

Testis

Great progress in the last decade in testicular cancer is a
consequence of the wide availability of tumor markers for
the assessment of tumor stage; CT scanning for topographic
location; and effective chemotherapy, with appreciation of
side effects (35).

Staging of testicular tumors is basic for their treatment.
From germ cell tumors of this organ, long-term survival of
all nonseminomas can be expected in 85%, and in 95% in
all seminomas with adequate treatment (27). Eighty to 90%
accuracy in clinical examination by computed tomography
and radioimmunoassays can be achieved. Ultrasonography
may also be helpful (48, 117). Owing to the detailed observa-
bility by tumor markers and related diagnostic methods,
such as roentgenography, orchidectomy alone, in stage I
nonseminomatous testicular germ cell tumors, is sufficient
(39). CT is of particular value for defining the exact extent
and mass of metastatic disease, prior to and following che-
motherapy and radiotherapy; also prior to surgical excision
of residual disease following chemotherapy, and for inves-
tigating potential sites of disease relapse. For patients with
teratoma, CT of thorax and abdomen, with bipedal lym-
phography for those with normal CT scan, is recommended.
For seminoma patients, lymphography and abdominal CT
is advised. If either is normal, thoracic CT scan is imperative
(121). Vascular invasion is significant in staging and selec-
tion of therapy for early nonseminomatous germ cell tumors
of the testis (53). Of testicular yolk sac carcinomas in infants
(56 patients in Lima, Peru from 1952-1980), 51.8% of clini-
cal stage I survived 3 years without evidence of disease;
14.3% of stage II; none survived at stage IV. It is to be
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expected that young patients who survive 3 years after diag-
nosis and treatment will not suffer a recurrence of the disease
(102). Of 1124 childhood testicular tumors, 1062 adult cases
showed that 29% of childhood testicular tumors are non-
germinal, compared to 8% in adults; 49% are yolk sac
tumors. The age distribution depends on the tumor histol-
ogy. Only 9% of metastases occur in children compared to
61% in adults (133). The correlation between pT stage and
rate of progression in stage I nonseminomatous testicular
tumor appeared significant (95 cases; alpha = 0.01) (134).

Ovary

The stage of ovarian neoplasms must be determined very
accurately, using new approaches based on a more difficult
separation of tumor types and their connection with the
whole body, such as the investigation of estrogen and
progesterone receptors, chemosensitivity, and other ques-
tions of tumor tissue in its relation to the metabolism of the
patient (97). Remarkable progress was made in the under-
standing and treatment of stage I and stage II ovarian
carcinoma in the last decade. Debulking surgery and plati-
num-containing combination chemotherapy played an im-
portant role in the increase of the survival rate from 3 to 5
years (99). Ovarian carcinoma is the only female genital
malignancy surgically staged (19). In stages IIb, III and IV
of ovarian cancer, chemotherapy is recommended; in stages
I and IIa, the use of prophylactic chemotherapy must be
evaluated individually (10). About 80% of the ovarian car-
cinomas have already spread outside the small pelvis and are
diagnosed as FIGO-stage III or IV. The stage of the disease
is the first parameter for surgery and especially important in
younger women who wish to have children despite the dis-
ease (122). Such an evaluation can be provided by computed
tomography used for staging of ovarian carcinoma (6). In
radiation therapy, after careful patient selection, type of
radiation, treatment volume and radiation dose, biological
parameters, and additional cytostatic agents, depending on
the tumor stage are of importance (67). Treatment with
single cytostatic agents is not as rewarding (109). In stages
III or IV, chemotherapy is the first choice, using alkylating
agents, hexamethylmelamine, adriamycin, and cis-platinum,
which may improve the still poor prognosis (83). Even
though fully 100% of women with gestational trophoblastic
tumors have a complete remission, debates of the factors
playing a role in the progression of a hydatidiform mole via
an invasive mole to choriocarcinoma are not completed
(113).

Reticular connective tissue

Chronic lymphocytic leukemia is generally a stable disease
over months to years, but a transformation of clinical and
biological characteristics can occur (38, 105). Rapid re-
sponders to therapy for myelomatosis take a much worse
course than slow responders (46).

Staging of Hodgkin’s disease must be evaluated together
with the risk factors (55); see also (100). Treatment of early
stage Hodgkin’s disease is highly successful but unwanted
side effects of radiotherapy and chemotherapy including
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infertility, infection and second primary tumors persist
(111). Hodgkin’s disease, first described in 1832, starts in a
single lymph node, expands to other lymph nodes and
spreads hematogenically into the parenchymas of viscera. It
is not known where the Hodgkin’s cells originate; specifi-
cally, cellular immunity is affected and the treatment is under-
taken according to the stage outlined in the Ann Arbor
Conference (130). Conservative therapy of stage IA and ITIA
of bulky mediastinal Hodgkin’s disease in form of a com-
bined modality treatment is suggested due to the failure of
radiation therapy alone. Computed tomography is signifi-
cant in this therapeutic switch and it was suggested to sub-
divide stage IIIA into substages IITA1 and IITA2 (110).
Newer approaches of treatment of advanced Hodgkin’s
disease include combination chemotherapy plus radio-
therapy, alternating cycles of two noncross resistant che-
motherapy regimens, and hybrid regimens, which combine
agents from two different chemotherapy regimens in one
cycle. If relapse occurs after combination chemotherapy, the
prognosis is poor. Survival cure rates may be extended and
toxicity decreased with the new regimens (112). The gonadal
function may be impaired by these types of treatment (120).

The Kiel classification was investigated in 1,127 patients
with non-Hodgkin’s lymphomas. Those with low grade dis-
ease had a survival rate of 69.4% and those with high grade
malignancy, 30.2%. The histopathology of low grade malig-
nant disease differed from that of high grade malignant
disease. The frequency of stages I and II varied between
centroblastic-centrocytic lymphoma with 21%, centrocytic
lymphoma with 11%, and LP immunocytoma, with 2.5%.
Complete, stable remission in stage III of centroblastic-
centrocytic lymphoma is due to a prolonged restriction of
the lymphoma to the lymphatic system (18). The proper
therapy of non-Hodgkin’s lymphomas depends on his-
topathology and staging (43). The childhood non-Hodg-
kin’s lymphomas comprise histologically, immunologically
and clinically a heterogeneous group of the diseases (72).
Immunomodulation with chemotherapy may be rewarding
for treatment of dogs because the animals are immuno-
suppressed (62). Advances made in therapeutic options re-
sulted of careful clinical staging with the best roent-
genographic techniques available for malignant lymphoma.
Staging laparatomy may become obsolete due to new
techniques, such as magnetic resonance imaging (137). Vari-
able reactions to neoplastic treatment occur in different
tumor stages, as in the case of myeloma. In stage I, no
superiority of combination treatment was seen in any study,
whereas in stage I1I early mortality is reduced from 45% to
10%. No significant differences in various combinations of
alkylators, vinca alkaloids, nitrosoureas, anthracyclines,
epipodophyllotoxins, procarbazine and/or steroids were ob-
served (92). The clinical staging system of multiple myeloma
is supplemented by the infiltration volume in the biopsy
material (11).

Melanogenous system

Stage I thin melanomas have a good survival rate; level 111
lesions (1-4mm thick) show 20% of nodal metastases
(prophylactic lymph node excision may be beneficial); and
level IV and V melanomas with lymph node metastases
require dissection of the latter (57).

The staging of cutaneous malignant melanoma which
should be individualized for the patient depends on the
thickness of the lesion (1). The treatment of choice is sur-
gery; the question of prophylactic lymphadenectomy in
stage I melanoma is controversial but indicated for treat-
ment of stage IT (84). The matter of risk for recurrence and
metastasis is still unresolved (64). For locally advanced
melanoma hyperthermic perfusion of the extremity is a
useful palliative treatment to prevent amputation (26).

Transverse striated musculature

A pretreatment staging procedure in childhood rhab-
domyosarcoma is imperative. Factors of importance include
the local invasiveness of the primary neoplasm, tumor size,
clinical status of regional nodes, clinical or radiologic ev-
idence of distant metastases, and histologic appearance. The
staging value of regional nodes is considered questionable
(25, 69).

Neurons of the CNS

Sonography, nuclear scintigraphy, computed tomography
are newer diagnostic tools for neuroblastoma staging; also,
magnetic resonance imaging and spectroscopy are impor-
tant (15). Resection of retroperitoneal primary neuroblas-
toma is only worthwhile if the residual tumor responds to
postoperative chemotherapy (89). Primary brain tumors of
children are the second most common form of cancer in this
age group (4). One of the most frustrating and difficult
childhood tumors for successful treatment is the neuroblas-
toma (74).

Peripheral glia

Postoperative radiotherapy, together with surgery, is
superior to surgery alone in the prolongation of therapy-free
survival of patients with grade IV gliomas (52).

In animals: The progressive stages of liver cancer in the
rat model was investigated by Scherer (114) (see Chapter
16, Volume II). Radiation therapy and hyperthermia and
multimodality chemotherapy increase in importance for the
treatment of late stage soft tissue sarcomas in the dog.
Surgery is still the first choice but these tumors above-
mentioned are often inoperable or not totally removed
(107). Lymphoma occurs nearly everywhere in cats whether
infected or not with feline lymphoma virus (73).

As in man, dogs with mast cell tumors and lym-
phosarcomas which are expected to metastasize should not
be treated by radiotherapy alone (123). Canine thymoma, a
rare neoplasm in dogs, occurs most often in German shep-
herd dogs and depends for accurate prognosis and therapy
on the staging of the disease (8).

7. SUMMARY AND CONCLUSION

The selected cases in section 6 of this chapter indicate clearly
that the stages of the different histologic types of neoplastic
diseases are not merely an artificial modality but express the



subdivisions of neoplastic progression. These subdivisions
or particular stages are different in the various tumors or
even in their subtypes. High malignancy, for example, in a

lymphoma is reflected in a different staging and survival.-

The histology of the tumors is the basic parameter for the
expectation of the stages to develop. More detailed knowl-
edge of the particular stage expression in the histologic
tumor types, together with the biological background, will
lead not only to a more clearly defined prognosis, but especi-
ally to better therapy which must be tailored individually
and, survival. The staging of neoplastic progression is
therefore of utmost practical importance for the patient.
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FROM MARKER BIOPERIODICITIES, OVER MARKER RHYTHMS,
TOWARD HUMAN CANCER CHRONOTHERAPY

RAMON C. HERMIDA and F. HALBERG

1. INTRODUCTION

Extensive animal experimentation reveals that many un-
desired effects of a variety of stimuli, including drugs, can be
reduced or eliminated by the appropriate timing of the
stimulus. This time-dependent response is not an effect of an
unqualified time of day, as such. It constitutes a feature of
organismic time structure, synchronized by environmental
cycles, the synchronizers, and persists in the absence of
known synchronizers, such as the social routine for human
beings or the regimen of 12-hourly light and darkness in the
experimental animal laboratory (11-13, 22, 33, 44). Desired
drug effects are also time-dependent, as demonstrated by a
human acrophase-response curve to methylprednisolone
(16). Chronopharmacology and chronotherapy (14, 17, 32,
42, 43, 47, 49), developed on the basis of the foregoing
evidence of the merits of timing, have demonstrated (24, 34)
and confirmed (45) value in experimental cancer treatment,
chemotherapy in particular. Furthermore, in a double-blind
test of clinical chronoradiotherapy, carried out with a mark-
er bioperiodicity, a gain of 2 from the timing of treatment
at the circadian peak of tumor temperature was recorded (6,
26).

For practical reasons, however, and for both diagnostic
and therapeutic aims, most chemotherapists, radiotherapists
and those in nuclear medicine continue to regard the body
as a constant; thereby, often unwittingly, they swell the
ranks of those who draw a curtain of ignorance over the
physiologic range of variability by subscribing to a tempo-
rally unqualified concept of homeostasis. This clinical status
quo prevails while, from the viewpoint of basic science,
chronobiologic teamwork has already lifted this curtain of
ignorance here (26) and there (4). The next task on hand is
to render the wealth of basic information clinically useful
(15). This task, in health science, revolves, first, around
prevention and, only in the face of occult or overt disease,
around screening, diagnosis, prognosis and therapy. In all
tasks of these areas, chronobiologic monitoring and data
analysis are desirable or indispensable.

2. DEFINITIONS

An approach to physiologic change is defined as macro-
scopic when it is based solely upon: 1) the inspection of
original data or of averages and dispersion indices plotted as
a function of time, and 2) analyses that do not provide
inferential statistical point and interval estimates of rhythm
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characteristics and/or other information as to quantitative
time structure.

A microscopic approach, on the contrary, objectively re-
solves quantitative temporal characteristics in biologic data,
e.g., by testing the fit of mathematical models to time series,
by deriving point and interval estimates for the parameters
of fitted models and/or by specifying other quantitative
information on time structures.

A bioperiodicity is defined as a recurrent physiologic
change occurring in animate or inanimate nature, described
without inferential statistical considerations and parameter
estimation (only macroscopically) (25).

A rhythm is an algorithmically formulated periodic com-
ponent of biologic time series, demonstrated by inferential
statistical means, preferably with objectively quantified
characteristics (i.e., frequency, acrophase (¢), amplitude,
midline estimating statistic of rhythm or MESOR, and/or
waveform) (25).

A marker rhythm (MR) (or marker bioperiodicity, MB) is
defined as a rhythm (or bioperiodicity) in a readily-
measured variable, used to monitor a corresponding rhythm
in a related but less accessible variable for purposes of
prophylaxis, diagnosis and therapy (25). In discussing the
procedure of MR monitoring, this term will be used,
whether the marker is gauged as a rhythm, in the strict
(microscopic) sense of the word given above or only by data
inspection, as a bioperiodicity. MRs in basic or applied
physiologic and pharmacologic work have been defined and
discussed (27). They have potential applications in preven-
tive health maintenance (prophylactic MRs), risk monitor-
ing (risk MRs), for diagnosis (diagnostic or screening MRs),
and for timing therapy (chronotherapeutic MRs yielding
markers of treatment time), for assessing therapeutic re-
sponse (response MRs) or for both of the latter purposes
(double chronotherapeutic MRs). Such rhythms are used
without implying causal relations between the process being
monitored for its rhythmic marker, and a given treatment.
When such relations exist, in turn, they constitute an advan-
tage and should lead to the preference of a specific MR over
an unspecific one.

Apart from any specificity, a multiple chronotherapeutic
marker should possess several characteristics, documented
by inferential statistical means: 1) the property of being a
reference for the timing of treatment leading to an appreci-
able benefit and/or 2) the property of being an index of
toxicity to one or several targets, e.g., to bone marrow,
kidney or heart, and/or 3) the property of being an index of
the desired effect(s). It is also critical that the index be
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applicable or be rendered applicable with currently available
technology on a large scale.

Information on MRs, that indicate the best time for
treatment, can also serve to establish reference standards
that are time-specified, so-called chronodesms, for the inter-
pretation of time-specified single samples, e.g., to gauge
toxicity. The circadian ¢s of white blood cell counts (WBC)
and of urinary potassium excretion are both treatment-time
markers; the ¢ of the WBC serves in addition to evaluate an
undesired response, such as bone marrow toxicity.

Once one considers a potential marker variable, one tries,
at the outset, to answer several methodologic questions:
What are the distributions of a global index of the timing of
the marker variable, such as the ¢ of a time series, as
compared to those of a local index, such as a peak in the
series, the macrophase, y/? It can be anticipated that the ¢ is
more stable than the v, since the latter is more sensitive than
the former to random fluctuations in the data series. Con-
currently, a global, as compared to a local index, may be less
flexible in reflecting a change in best timing. Stability
throughout a treatment course may be a disadvantage as
well as an advantage. When stability is a lasting advantage,
i.e., when it reflects a basic periodic (marker) process, rather
than an artefact, the ¢ may be determined only once for a
given patient, before the first treatment. When the best
timing is variable, the ¢ should be determined accordingly,
with some optimal frequency, preferably, yet perhaps not
necessarily, before each treatment.

Other questions to be raised concern the sampling span
required to determine a trustworthy ¢ and the matter of
modulation of a ¢ with a given frequency by rhythms with
a lower frequency, such as circannual, circaseptan or other
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infradian modulations of a circadian ¢. Since very many
potential MRs indeed exhibit about-yearly changes (31), still
another question to be examined is the possibility.of circan-
nual changes in circadian characteristics, which latter have
been explored for the WBC by Halberg et al. (27).

3. CHRONOCHEMOTHERAPY WITH
DOXORUBICIN AND CISPLATIN: ORIGINAL
STUDIES IN RODENTS

The fact that the same anticancer drug has different effects
at different circadian stages will be illustrated for doxorubi-
cin and cisplatin. A hypothetical rhythm in the therapeutic
index of an anti-cancer drug, Figure 1, was experimentally
validated by assessing the doxorubicin-associated shrinkage
of a breast cancer in the mouse and the associated aug-
mentation of survival time. In the original study (24), 6
groups of inbred A-strain mice with spontaneous mammary
cancer (and 2 controls without palpable tumors, matched by
strain, age and sex), feeding ad libitum in light from 06:00 to
18:00 alternating with darkness, were given a fixed dose
doxorubicin, i.p., at one of six different circadian times, 4
hours apart. Caliper measurements of tumor size and sur-
vival times were recorded to find the best timing, if any, of
doxorubicin in terms of reducing tumor volume and increas-
ing survival time.

A chronotherapeutic index (CTI) was defined as
CTI = PST x TVC, where PST was equated to the in-
dividual animal’s survival time [expressed as a percentage of
the overall mean survival time (in turn, equated to 100%) of
all treated individuals irrespective of treatment time] and
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TVC was equated to the individual’s post-treatment tumor
volume change (a) relative to the individual’s pre-treatment
tumor volume (b) [expressed as a ratio (a/b)]. Results thus
analyzed show the highest CTI (= 122%) at 22:00 (i.e., at 16
hours after light on), the second highest CTI (= 104%) at
02:00 and the lowest CTI (=8%) at 18:00. A 24 h cosine
model, fitted by least squares to these several kinds of time
series, allowed rejection of the zero-circadian amplitude (no
rhythm) assumption for the original mean survival times, for
survival times expressed as percentage of overall mean and
for CTIs. On the basis of the latter data, the ¢ of the CTI
was computed. The time of optimal circadian tolerance of
doxorubicin also was assessed, on the basis of follow-up
work, by the fit of multiple components, to obtain an ortho-
phase (48). A follow-up study with doxorubicin as part of a
combination treatment with phenyl-alanine mustard, on
rats with a transplanted breast adenocarcinoma, revealed
that timing made the difference between 12.5% and 50%
(f* = 14.13; P < 0.025) remission (29).

For cisplatin, the original studies (28) were carried out on
female inbred Fischer rats, kept on 2 lighting regimens, one
of them intended to simulate the 8 h sleep and/or rest span
of human beings. The rats were standardized after weaning
for 2-week spans, doubly housed, some on a regimen involv-
ing 8 h of light alternating with 16 h of darkness, others on
12h of light alternating with 12h of darkness. Food and
deionized water were freely available to all rats.

After the standardization span, the rats were singly
housed, rectal temperatures were measured around the clock
at 4-hour intervals (with a thermistor bridge circuit; Halberg
et al. (19)), body weights were taken, and cisplatin was
injected i.p. in a fixed dose of 11 mg/kg to 6 separate groups
(each of 16-20 animals, from each lighting regimen). Injec-
tions started at 07:10 after ‘light on’ and continued at about
4h intervals thereafter to cover a 24 h span. Animals were
checked for survival at least twice a day and much more
frequently about the time when control animals kept in LD
12:12 reached 50% mortality (the so-called semimortality
index; Cornélissen et al., (5)). At that time the experiment
was truncated and the data analyzed. For rats from each
regimen, a statistically significant circadian time effect was
demonstrated for the tolerance of the drug. Best tolerance
was found for rats treated at 11:40 from light on, when the
mortality of the rats in LD 8:16 was 10% (and that of rats
in LD 12:12 ~ 20%). At the peak, 4h later, the corre-
sponding mortality was 89% in LD 8:16. In view of the
non-sinusoidality of the response, the data on tolerance and
rectal temperatures, determined prospectively yet used as
MRs retrospectively, were fitted not only by a 24 h cosine
curve, to obtain a ¢, but also by harmonic interpolation to
obtain a paraphase (8). A long series of follow-up studies on
rats provided data on intermodulating infradian changes,
with circaseptan (1) and circannual (17) periods.

To carry such information to the clinic, MRs are essential.
As a candidate MR, the circadian change in core tem-
perature of the original groups of rats investigated
was documented to persist and recommended for further
study as a complement and/or substitute for adrenocortical
and/or other MRs (28). This suggestion was based on a
statistically significant circadian rhythm (P < 0.05) demon-
strated for rectal temperature of the groups on each of the
lighting regimens studied. The extensive data on chrono-

therapy with cisplatin are discussed elsewhere (17).

4. CIRCADIAN CHANGE IN WHITE BLOOD CELL
COUNTS - DOUBLE MARKER RHYTHM

Historically, the count of human and murine circulating
blood eosinophil cells constituted a first admittedly indirect
and unrefined, yet practical and useful, mammalian marker
of adrenocortical changes. This rhythm, as well as rhythmic
changes in serum corticosterone, occurs spontaneously (2,
10, 21, 39), and also determines responses to hormones or
drugs, including hormone analogues (30, 46).

The WBC, in turn, serves to gauge the dramatic circadian
changes that characterize the bone marrow’s response to
toxic agents, including carcinostatic drugs such as doxorubi-
cin (24, 26), cisplatin (17, 28), and ara-C (3, 24, 34, 45).

The use of the WBC as an index of bone marrow toxicity
has to be qualified by the fact that the WBC undergoes
circadian and other changes of large extent. These changes
are a vexing source of variability when they are ignored, but
may be valuable new endpoints when they are exploited by
their use as MRs, computed on the basis of around-the-
clock measurements.

Six 4-hourly WBCs covering 24 hours constitute an all too
sparse sampling schedule for individualized MR use. This
sampling scheme for WBC can be used, however, in studies
on groups. This was done in data collected in a then
cooperative research on circadian-circannual aspects of
WBC depression and recovery in patients given doxorubicin
and cisplatin (38). These patients of Hrushesky with ad-
vanced-stage ovarian and bladder cancer were treated about
monthly with 60 mg/m” of each doxorubicin and cisplatin,
the latter always 12 hrs after the former, in view of studies on
rats suggesting that this interval between the administration
of doxorubicin and cisplatin was optimal (28).

In a first stage, patients were randomized to receive their
chemotherapy beginning either 1 hour before their habitual
awakening (at 06:00; schedule A) or 13hrs after habitual
awakening (at 18:00; schedule B), and then crossed over to
the other schedule at the following treatment, with a con-
tinuing alternation of schedules A and B throughout the
treatment span, usually consisting of 9 about-monthly
courses. In a second study stage, patients were randomly
assigned to either schedule A or B and remained on the
assigned schedule throughout the entire treatment span. In
these cases, the alternation of treatment no longer con-
founded the time course of cumulative myelotoxicity asso-
ciated with a given schedule. When results on schedule A
obtained during the first stage of the study were compared
with those on schedule B, about one month after each
treatment, recovery of the WBC was greater with schedule
A in spring, summer and fall, but worse in winter. A 3-way
analysis of variance on weekly total WBC, as a gauge of
myelosuppression, reveals as main effects the (circadian)
difference between schedules A and B and the effect of the
day after treatment; both are statistically significant below
the 1 per mil level (38). While this same analysis does not
detect any added effect of circannual rhythm stage
(DF = 3; F = 0.559; P = 0.642), there is indeed a statis-
tically highly significant interaction between circannual



rhythm stage and schedule A vs. B (DF = 3; F = 4.773;
P = 0.003).

5. RELATIVE MERITS OF CIRCADIAN WBC
MARKER ACROPHASE ($) VERSUS MACROPHASE
W)

The circadian ¢ and ¥ of the WBC are both candidate
treatment-time markers. The question may be raised
whether ¥ may not serve as well as ¢ for treatment-time
optimization. The ¥ has the apparent merit of being obvious
in most cases when there is but a single highest value. One
can construct a simple moving average of 2 or more items
when there are equal counts, an unlikely occurrence in the
case of the WBC. In using the i, one can dispense with the
computation of the ¢ or of a paraphase or orthophase (25).
The cosinor ¢ is readily and simply computed yet this com-
putation of ¢ is an added step, which might add to cost,
although it should not. Another consideration is that the ¢
represents a “complication” for those reluctant to familiar-
ize themselves with new concepts, even if the simplified
output of cosinor methods can be interpreted as easily as the
face of a watch. Actually, from the viewpoint of cost we shall
see from a discussion (below) of the sampling densities
required for a ¢ versus a Y that (to the extent that a
bioperiodicity is sinusoidal) the sampling for a ¢ may be
more thrifty than that for a . The main concern, in any
event, in choosing between an MB and an MR is pertinent.
A first question to be asked is then as to whether, if a ¢ is
not computed, the average ¥ may approximate the average

¢.

6. SIMILAR AVERAGES FOR WBC MACROPHASE
AND ACROPHASE

To compare the location indices of timing, the average ¥
and ¢, the individual  and ¢ were identified and calculated,
respectively, from six WBCs covering a 24 hr span at 4 hr
intervals. These counts were made on each of 59 patients
with advanced ovarian or bladder cancer, before each com-
bination treatment (Rx), with up to 60 mg/m? of doxorubi-
cin followed after 12 hrs by up to 60 mg/m? of cisplatin, in a
sequence of up to 11 about-monthly courses. The six values
are fitted with a 24 hr cosine curve to obtain the ¢ by the
single-cosinor method (23). A computer program for the
so-called macro-micro comparison by serial section (36, 37)
then serves to compute the mean i, found at 17:30, and the
mean ¢, found at 18:30, and to compare them in a first step,
for a total of 29 patients who had received 8 or more Rx
courses. For these patients, paired t-tests show no difference
between the mean ¥ and ¢ of the profiles before each Rx
course in a given patient, whether one considers all Rxs
(P = 0.83) or only schedule A (doxorubicin Rx at 06:00 1 hr
before awakening or 12 hrs after the WBC ¢; P = 0.43), or
only B (doxorubicin Rx at 18:00, near the WBC ¢). The null
hypothesis of no difference between the mean ¥ and ¢ is not
rejected, the corresponding P value being 0.31 (36). The
largest differences between the mean ¥ and mean ¢ are
found for schedule B. A high (angular-angular) correlation
(r = 0.52) is found between the mean y and ¢ when all 29
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subjects are considered, irrespective of Rx timing. The cor-
relation is higher (r = 0.65) for Rx A than for Rx B
(r = 0.39). One may conclude that, as an approximation of
the average ¢ for larger groups, the average  may well be
satisfactory. Before this conclusion is extended to the indi-
vidual, however, the variances of ¥ and ¢ also must be
compared.

7. GREATER VARIABILITY OF WBC
MACROPHASE AS COMPARED TO THAT OF
ACROPHASE

By comparing ¥ and ¢ variances in all profiles for these 29
patients with 8 or more courses, paired t-tests show a large
reduction in variance by the use of ¢ rather than . The
smallest, but still significant (P = 0.02) differences between
¥ and ¢ variances are found for Rx A. Even in this case,
85% of the cases have a higher y variance as compared to
the ¢ variance. No statistically significant correlation is
found between the ¥ and ¢ variances whether one considers
all Rxs (r = 0.02) or only schedule A (r = 0.01) or only B
(r = 0.08) (36).

The equality of variance in ¥ and ¢ is also tested for the
set and 2 subsets (Rx A or B separately) of 386 series from
59 patients and for the set and 2 subsets of the 55 means of
the series for those 55 patients with at least two series (Table
1). In all cases (except for the means from 28 patients under
Rx A) the test of equal variances for { and ¢ allows the
rejection of the null hypothesis at the 1% level.

Figure 2 shows, on the left, frequency histograms for the
386 WBC profiles from all patients, irrespective of Rx
schedule for the ¢ (in the top half of the graph) and ¥ (in the
bottom half of the graph). The ¢ has a nearly symmetric and
unimodal distribution centered at 18:30. By contrast, the
y-distribution shows a much broader spread along the scale
of 24 hrs. The multiple peaks stem largely from the 4-hrly
sampling, since there is interpolation in the computation of
the ¢, but (in the cases examined) none in the identification
of a y.

Figure 2 also compares the mean ¥ and ¢ variability for
55 patients with at least 2 profiles (right). In the top third of
this figure, on the right, the mean ¢ and mean y are com-
pared separately for each patient. The horizontal scale sim-
ply lists in a sequence the (number of the) patients studied.
Thus, one can compare each quadrangle, corresponding to
the ¢, with the corresponding location, for the same patient,
of the y; the ys are connnected by a dashed line to distin-
guish them from the ¢s, connected by a continuous line. One
finds, for the first patient listed, a difference of about 10
hours; for the second patient, the difference is smaller, and
for the third and the following few patients, it approaches 0.
On the average, the ¢ and ¥ are similar. The graph shows,
nonetheless, large differences in some cases.

The quasi-unimodal distribution for the mean ¢ shows
higher stability, as compared to the mean ¥/, with a mode of
21.8% of the total patients at about 18:00. By contrast, the
mode in the ¥ distribution reaches only 10.9% of the total
number of patients. The larger scatter in the distribution of
mean s, as compared to that of mean ¢s, is in keeping with
the larger variance found for ¥ as compared to ¢ (Table 1).
A similar situation is shown in Figure 3 (right) for the y and
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Figure 2. Distribution of circadian acrophases (¢) and macrophases () of total white blood cell counts from all profiles (left) and individual

mean ¢ and Y, suggesting greater stability of ¢ vs. Y.

¢ means of 28 patients under Rx A. In this case, the y-distri-
bution is rather concentrated around 18:00 and a test of
equal variances does not reject this null hypothesis
(P = 0.43). Lack of statistical significance notwithstanding,
however, a difference in variability between ¥ and ¢ can be
suspected from Figure 3. Indeed, again the peak class for ¢s
is represented by 28.5% of the patients, but the peak class
for by only 17.8%. Before one accepts, for Rx A, a lack
of statistical significance of the difference in the variances of
¥ and ¢, one has to glance at a summary of the individual
A series for which the difference in variances between  and
¢ is clearly established.

Figure 3 shows, on the left, similar distribution shapes for
the 188 series from 32 patients under Rx A. In this case, one
rejects the hypothesis of equal variances in ¥ and ¢
(P = 0.009). The higher variability of  is apparent in the
figure and quantified by the standard deviations in Table 1.

For 198 profiles from 27 patients under Rx B, Figure 4 on
the left again indicates a higher variability for y as com-
pared to ¢. Moreover, the ¢ distribution is now centered at
18:30, with a certain delay from the ¢ distribution for Rx A
shown in Figure 3. Figure 4 on the right shows the ¥ and ¢
means for 27 patients under Rx B. A high dispersion in the
y-distribution is readily apparent. Most of the mean ¢s
(26%), in turn, are concentrated around 19:00.

Table 1. Larger variance for macrophase (i) as compared to acrophase (¢) of white blood cell count (WBC) profiles of patients receiving

timed therapy (Rx)*.

Standard deviation of

y [

Kinds of # of For \ versus ¢

series (Rx) cases (hours) F P
Individual - (A11) 386 81.64 68.51 1.42 < 0.001
Individual - (A) 188 83.98 70.54 1.42 < 0.009
Individual - (B) 198 79.46 66.40 1.43 < 0.006
Mean - (All) 55 74.54 54.95 1.84 < 0.013
Mean - (A) 28 50.25 48.59 1.07 < 0.430
Mean - (B) 27 99.67 60.47 2.72 < 0.006

*A = doxorubicin Rx at 06:00, 1 hr before awakening or about 12 hrs after the population WBC ¢, followed by cisplatin 12 hrs later;
B = doxorubicin Rx at 18:00, near the population WBC ¢, followed by cisplatin 12 hrs later.
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8. URINARY POTASSIUM IN HEALTH

An MR or MB may be needed only once in the theoretical
case when a single treatment is administered. One may
benefit from a single MB at the outset of radiotherapy given
for 5 weeks (6, 18, 26). In chemotherapy, MRs or MBs may
be needed for many months. In such cases, information on
any infradian, e.g., circaseptan or circannual, changes in a
variable considered for marker rhythmometry is desirable
and it is indispensable, in the case of long-term chemo-
therapy. A problem arises when such marker rhythmometry
is to be carried out on patients whose treatment is to be
urgently initiated. Cancer patients in advanced stages of the
disease are cases in point.

In such patients, the time-dependence of treatment effects
along the circadian scale undergoes further modulatory
changes by rhythms with a lower-than-circadian frequency.
Thus, the effect of treatment with doxorubicin at 06:00 is
advantageous in some, but not in all seasons. Moreover,
effects of cisplatin differ with the stage of about 7-day (cir-
caseptan) rhythms (1). Since the best treatment time exhibits
changes that are predictable with an infradian frequency, it
follows that candidate MRs for use in chronotherapy must
be sought that also undergo an infradian modulation of
their circadian characteristics, such as the ¢.

In the patient with cancer, however, treatment cannot be
postponed until infradian, notably about-yearly, changes
are evaluated; in other words, treatment must not be with-
held for a year in order to assess with serial dependence any
circannual change, e.g., in the circadian urinary potassium
(K*) rhythm of patients scheduled to receive potentially
nephrotoxic cisplatin therapy. There is no alternative but to
analyze data gathered on clinically healthy individuals, with
the hope that results may be extrapolated to cancer patients.
In so doing, one realizes that any results are at best approxi-
mations, since a disease may accentuate or obscure an exist-
ing rhythm, otherwise alter one or several rhythm charac-
teristics or may induce a rhythm that is not otherwise
observed.

As reported elsewhere (37), we analyzed urinary K* ex-
cretion in 2,860 samples of an apparently healthy man, 21
years of age when he started collecting 5-7 urine samples on
most days for 18 months. Samples at 3-5hr intervals are
more readily collected for long spans covering years than are
collections at shorter intervals. The latter are preferred,
however, when a y or a ¢ is to be reliably estimated. In any
event, a 24 hr cosine curve was fitted by the single-cosinor
method to consecutive non-overlapping data sections of
1-14 days in length using the macro-micro-comparison by
serial section (37). This was done in order to seek the mini-
mal length of a time series (with the given sampling rate) that
would allow the rejection of the zero circadian amplitude
assumption. Accordingly, a more reliable estimation of the

timing of high values in most, though not all, time series
available with a given length can be obtained.

The total number of series varied from 513 (for 1-day-
long series) to 39 (for 14-day-long series). It can be seen from
Table 2 that, as a rule, series of 1-day length do not allow the
inferential statistical documentation of a rhythm: of 513
consecutive series on the same subject, only 15% allow
rejection of the zero-amplitude assumption (A = 0) below
the 5% level by the single cosinor method. The resolution of
the rhythm, i.e., the % of series that allow rejection of the
no circadian rhythm (A = 0) assumption; increases as the
duration of the data section analyzed lengthens. Up to a
length of 6 days, the gain from each added day is large; 80%
of series covering 6 days allow rejection of the zero-A
assumption. Only relatively small further gains in rhythm
description are associated with slightly longer time series of
7-10 days. There seems to be a further gain, however, with
spans longer than 10 days, Table 2. A lack of gain from the
increment in the length of the urinary K* record may be
attributed to the obscuring effect of an infradian modulation
of the waveform, which largely cancels, in records of a
length between 6 and 10 days, gains from the increment in
record length.

As noted elsewhere (37) for practicability, the sampling in
this study (actually covering 15 years) was sparse, with
individual samples (5-7/day) covering, on the average,
about 4hrs. For future work it will be more efficient to
increase sampling rate, e.g., from every 4 to every 2hrs
during waking, e.g., for 2 days, rather than to sample longer
spans at a lower rate, unless there is a suggestion of desyn-
chronization. Series based on about 2-hourly samples, at
least during wakefulness, covering a few days are recom-
mended to render the description of a 24 hr synchronized
rhythm more efficient. Longer series are needed for an esti-
mation of the period in its own right, e.g., by nonlinear least
squares rhythmometry (25).

As reported elsewhere (37), the cosinor analysis of origi-
nal K* values (mEq/hr) shows not only a circadian rhythm
but also a circannual one (P < 0.001), M = 3.15 + 0.03;
A = 0.19 + 0.04 and ¢ at —27 + 14° from December 22
with 360° = 365.25 days). The variability of the circadian
K* ¢ along the scale of a year is particularly pertinent to
treatment-timing, as shown in Figure 5. This figure shows
time on the abscissa (from Dec. 16, 1967, to April 29, 1969).
On the ordinate, the circadian ¢ is shown with earlier values
on top and later ones at the bottom. These ¢s can be seen
to extend from nearly 300° from local midnight to 130° from
midnight, a considerable variability which is accounted for,
to a very small extent, by a circannual rhythm.

In view of the density of the series consisting of circadian
characteristics, the zero circannual A assumption can be
tested. A 365.25-day cosine curve was fitted to the 240
circadian K* ¢s computed separately for consecutive 2-day

Table 2. Relation of series length to demonstrability and quantifiability of circadian rhythm in human urinary potassium excretion in

health*.

Series length (days) 1 2 3 4 5
% series with P < 0.05 15 37 45 63 66
N series with P < 0.05 76 97 81 85 71

6 7 8 9 10 11 12 13 14

80 81 85 87 82 94 96 98 97
72 62 57 52 45 47 43 41 38

* By rejection of zero-amplitude assumption in single-cosinor procedure.
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CIRCANNUAL ANALYSIS OF 2-DAY POTASSIUM ACROPHASES(RBS)
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Figure 5. Circannual variability of circadian acrophase of urinary potassium excretion computed for consecutive 2-day spans (by reference

to midnight); healthy man, 21 years of age.

spans (by reference to 00:00 and with a 1 hr correction for
daylight saving time); ¢s obtained within consecutive 4-day
spans were considered as replicates for the sinusoidality test
(37). By excluding 8 outliers, a circannual ¢ rhythm was
found (P = 0.001; Figure 5) without any violation of the
assumptions underlying the use of the single-cosinor model,
namely, sinusoidality, the normality of the residuals and
variance homogeneity. For at least one serially-dependent
longitudinal series in health, a circannual modulation of the
circadian K* ¢ was thus documented on the basis of dense
sampling. Any (possibly larger than 2 hr) circannual change
in circadian K* ¢ of cancer patients, as a potential marker
for chronotherapy, can and remains to be studied only with
serial independence.

9. URINARY POTASSIUM EXCRETION BY CANCER
PATIENTS

Since a circannual rhythm characterizes the circadian ¢ and
other characteristics of urinary K* excretion in a clinically
healthy subject, it is conceivable that such a rhythm persists
and even that it may perhaps be amplified and/or changed
in frequency in patients of different kinds, including those
with cancer here under discussion. For 53 patients with
advanced ovarian or bladder cancer, the circadian ¢ of
urinary K* before a first 60 mg/m? cisplatin treatment (Rx)
was compared with the mean ¢ of all profiles in a sequence
of up to 10 about-monthly courses (of a combination treat-
ment with 60mg/m® doxorubicin, the latter given 12hrs
before cisplatin, Table 3) (37).
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Table 3. Similarity between the circadian acrophase (¢) of urinary potassium excretion before a first treatment and mean ¢ of all profiles
of patients receiving timed therapy (Rx)'.

Kinds of Rx D =
( # of cases) (1st ¢-Mean Paired t-test Correlation

9)

% with mean SD of

neg. D D mean D

(delay) (hours) P r P < 05
All (53) 62 —0.33 0.48 0.50 0.39 yes
All* (50) 60 —0.02 0.48 0.96 0.38 yes
Alternate (15) 40 1.94 1.07 0.09 0.08 no
A (18) 61 —0.81 0.67 0.24 043 no
B (20) 80 —1.60 0.64 0.02 0.69 yes
B* (17) 76 —0.92 0.61 0.15 0.70 yes

'A = Rx with cisplatin in the evening (usually near pre-Rx ¢); B = Rx in the morning (~ 180 V from pre-Rx ¢); Alternate = A and
B in alternation, in consecutive courses. * Deletion of three cases with mean calculated by averaging over only two Rxs.
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No difference was seen by paired t-test between the ¢
before the first Rx and the average ¢ of all profiles before
each Rx course in a given patient, including the profile
before the first Rx. A high (angular-angular) correlation was
found between the first and the average ¢s, when all subjects
were considered, irrespective of Rx timing. The correlation
was maintained for the group on Rx B but not for that on
Rx A (35, 37).

The histogram at the bottom on the right in Figure 6
shows, for 50 cancer patients, the average ¢ of all profiles,
i.e., the profiles before each of the subsequent Rx courses in
a series received by a patient. The histogram just above
shows the corresponding ¢ before the first Rx of these 50
patients. In comparing these dispersions for all patients, one
can conclude that the mean ¢ is more stable than the ¢
before the first Rx. Indeed, the distribution for the mean ¢
of the 50 patients has a high peak with 42% of the total
values around 13:00-15:00.

The graphs in the top rows and the one in the 4th row on
the left of Figure 6 indicate the differences between the two
¢s for each patient, classified as a function of Rx mode. A
comparison of the two lines connecting the corresponding
¢s for the 18 patients on schedule A (top left) and the 17
patients on schedule B (top left of bottom half) shows no
large differences between the ¢ before the first Rx and the
mean ¢. The remainder of the figure consists of frequency
histograms for the ¢ before the first Rx and the mean ¢,
respectively, in each of these groups.

The graph on the right on top of Figure 6 shows a similar
comparison for 15 cancer patients receiving Rx alternating
between schedules A and B. The differences in timing, shown
in the top row, are big but not systematic; the mean ¢
randomly appears before or after the ¢ found in the profile
before the first treatment. A paired t-test does not detect any
statistically significant differences (P = 0.09). The peak in
the distribution of the mean ¢ of each patient is around
14:00-16:00 (lower third of the upper half in the left part of
the graph).

Smaller differences can be observed for the 18 cancer
patients consistently receiving Rx A (upper third of Figure
6, left). In fact, the hypothesis of no difference is supported
by a paired t-test (P = 0.24, Table 3). In this case, a greater
variability can be observed for the mean ¢, with a peak in
its distribution of only 27.7% of the total situated around
15:00-17:00.

For 17 cancer patients receiving Rx B, Figure 6, there is
again only a small difference between the ¢ before the first
Rx and the mean ¢ of urinary K*. A shift in ¢ after Rx B
is suggested by a high (80) percentage of unidirectional
differences in ¢ (delays), corresponding perhaps to the or-
ganism’s endeavor to adjust its ¢ after an inappropriately
timed Rx. Conceivably, Rx at the “right” time may not
displace the ¢, whereas Rx at the “wrong” time does so. But
at this point, speculation will have to be replaced by data
with more definitive outcomes, such as survival.

10. QUALIFICATION

On the basis of the prospective use of a i, a clear advantage
from timing radiotherapy has already been reported (6). The
Y of tumor temperature was the MB in that case, used
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prospectively for the timing of treatment. A substantial gain
from timing was validated by cosinor analysis of the data
(26). In the study with the WBC here discussed (36), how-
ever, actual timing was by clock-hour rather than MR.
Marker rhythmometry also was done prospectively, but
information on treatment effects as a function of rhythm
stage was evaluated only retrospectively; hence, the merit of
W over ¢ cannot be assessed on the basis of outcomes such
as the percentage of the cures or times to relapse. The first
conclusion drawn is based on evidence in Table 1, showing
that the ¢ is the more stable endpoint. Greater stability, of
course, does not necessarily imply greater pertinence.

11. PERTINENCE

The problem of pertinence can be examined indirectly. More
specifically, the WBC MESOR (M) before treatment can be
equated to 100%, and weekly WBCs during the month
following treatment can thereafter be expressed as percent-
ages of this M. The area between the horizontal line corre-
sponding to 100% and any depressed weekly WBC is then
computed. These areas are assigned, on the one hand, to the
time of WBC ¢ (t¢) and, on the other hand, to the time of
¥ (ty). With ¢, but not y, the zero-A assumption of no
circadian rhythm in toxic (leucopenic) response is rejected.
Moreover, when the areas with treatment within 2 hrs of t¢
are being compared with those obtained with treatment
within 2 hrs of a timepoint at 12hrs from t¢ the difference
is statistically significant. This is not the case for the areas in
the case of treatment at ty and 12hrs from the ty. Per-
tinence of the ¢ can be suggested only on such an indirect
basis. Hereafter, primary focus is to be placed upon the
behavior of the ¢.

12. SAMPLING FOR COST-EFFECTIVENESS - HOW
DENSELY AND PRIOR TO EACH TREATMENT?

Further work should focus upon the sampling requirements
for the determination of the ¢ rather than the . Apart from
pertinence, to be assessed in each case, there is the matter of
economy. It remains to be investigated whether sampling for
a reliable circadian ¢ on a rhythm can be sparser than that
for a circadian . If so, the ¢ will be the cheaper endpoint,
even if there is a small charge for its computation.

In the case of a strictly sinusoidal rhythm, the number of
required samples will depend upon the extent of noise. In the
theoretical (never realized) absence of noise, the number of
required samples is as small as three. Noise is ever present,
however. Moreover, the departure of a rhythm’s waveform
from sinusoidality also is not uncommon. It seems likely
that the interval between consecutive samples for the inter-
pretation of the best timing for the given individual (rather
than for search on groups) should be much smaller than 4
hours and, probably, sampling density may have to be
higher for the ¥ than for the ¢.

The anticipated (but not yet proved) added benefit de-
rived from the determination of a circadian ¢ before each
treatment course, as compared to that derived from MR
only prior to the first treatment, also must await the results
of pertinent prospective studies on cost-effectiveness inter-
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Figure 7. Flow chart for the macro-micro comparison by chronobiologic serial section, allowing the macrophase vs. acrophase comparison
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preted as increased effectiveness in the light of both financial
and emotional costs associated with repeated MR profiles
(7). Such questions apply to any MR. It is pertinent that
urinary K* excretion and the WBC exhibit a more stable
circadian ¢ as compared to a ¥ (36, 37).

13. GENERAL DISCUSSION

In view of the fact that the results of the two schedules
tested, A and B, differ with the seasons, the added condition
to be met by a pertinent MR is that it should exhibit in-
fradian changes in ¢. Since the data at hand do not suffice
to demonstrate such a change, with serial independence in
cancer patients for K*, the availability of a longitudinal
series on human K* was exploited and a circannual rhythm
in circadian ¢, albeit of small A, was demonstrated (37). For
the case of K*, the initial ¢ was compared with the mean ¢,
to explore the possibility that the former could be sub-
stituted for the latter. A statistically significant difference for
K™ between the first and the mean ¢ was not established in
the available data; a larger sample is needed to ascertain the
lack of a difference between the first ¢ and the ¢ based on
data over a span approximating a year. If such a lack should
be established, this could indicate that a single K* ¢, taken
before the first treatment, may be satisfactory for a contri-
bution by this MR in establishing a benefit from treatment
timing in cases when infradian modulations of the chemo-
therapeutic index are negligible. The use of the same MR for
gauging kinds of toxicity that change substantially in a

circannual or other infradian rhythmic fashion, may not be
satisfactory.

Clearly, this chapter on MRs in cancer patients can only
introduce methodologic considerations. Figure 7 provides a
scheme for programming further research along this line on
larger sets of samples on these and other MR variables. The
scheme corresponds to the so-called macro-micro com-
parison (37) by a so-called chronobiologic serial section
program (22, 30), allowing analyses on an unlimited number
of data and the graphic representation of results (see Figure
6) comparing two of the parameters computed from the
data. At this point, the question can be raised as to whether
the circadian ¢ suffices as a proper MR, especially in dealing
with non-sinusoidal rhythms. Objective methods available
to obtain estimates of timing of high values on non-sinusoi-
dal rhythms have already been discussed previously; they
include the determination of the paraphase by harmonic
interpolation (8) and the computation of the orthophase
(48) as well as stacking procedures such as plexograms (25).

An adaptive filtering method also has been proposed (40,
41, 50) to cope with some features that are often present in
biologic time series, namely: scarce a priori knowledge of the
signals; a low signal to noise ratio; the presence of multiple
related harmonic components; and above all, the expected
occurrence of oscillations with varying frequency. The latter
wobble introduces nonstationarities that cannot be treated
with classic methods of spectral estimation. Results de-
scribed elsewhere have shown the ability of adaptive filtering
to detect and reconstruct periodic components in noise and
to track their changes in frequency. Since this method re-



quires less information about the signal than other methods
of spectral analysis, it seems specially suited for chronobio-
logic applications.
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MAMMOGRAPHY

ANTON GREGL, OLCAY S. CIGTAY and CAROLYN J. HARRINGTON

INTRODUCTION

The clinical and physical examination of the human mam-
mary gland presupposes a knowledge of its post-natal de-
velopment and its function as a hormone-dispensing organ.
It is a paired organ, consisting of adipose, connective, and
glandular tissues: localized at the exposed body surface, it is
subjected to traumas of all kinds and, in addition, is respon-
sible for the nursing process.

ANATOMY

The post-natal development of the mammary gland takes
place in several phases, decisively influenced when a preg-
nancy has taken place. In addition, there are influences from
the endocrine organs. The size, firmness and form of the

Figure 1. A mammographic unit.

Modern mammographic machine (Xerox Mammography System S
116) - 3 phase H.T. wave rectified. 50kV 250mA. KV range 20-50,
1KV steps.

Automatic line voltage compensation. -~ Molybdenum, rotating
anode with beryllium window. Focal spots: 0,4mm/0,6 mm, kV
range max: 50kV - Moving grid bucky especially for mammo-
graphy. Automatic exposure meter especially for mammography.
Magnification device. Xeroradiography cassette holder.
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mammary gland are determined to a large degree by its
constitution during specific age periods.

In a newborn, the size of the gland varies between that of
a hempseed and the kernel of a hazelnut. During childhood,
the development of male and female mammary glands is the
same. During puberty, however, girls show a more rapid
dichotomous branching of the duct system with ramification
at the terminals; only at the beginning of menstruation
tubular terminals appear which lead to the development of
tubular lobules. At the end of puberty, the mammary gland
consists of 8 to 15 pori lactiferi with from 15 to 20 exit ducts,
lined with squamous epithelium. In the course of further
development, only the connective-tissue element increases
further. The breast of the maturing woman consists primari-
ly of loose connective tissue immediately surrounding the
glandular ducts, as well as of fibrous connective tissue with
a few nuclei closely connected with the adipose tissue. At
maturity, the coarse connective tissue becomes looser and
develops insulariform areas.

The adult mammary gland is composed of an active part
(parenchyma) and of a passive part (adipose and connective
tissue). The parenchymal portion is proportionally large in
all sexually mature women, but the proportion of connective
and fatty tissues varies quite markedly.

At time of menstruation, changes take place in the mam-
mary gland which can be recognized macroscopically and
microscopically. Rosenburg in 1922 (289) was the first to
point out morphologically recognizable changes as a conse-
quence of menstruation and contrasted the Rosenburg
mamma curve with the Schroeder uterus curves.

During the pre-menstrual period, a branching of small
and very small milk ducts occurs, where the initially solid
epithelial mass shows a lumen lined with a single-layer
epithelium. Toward the end of menstruation there appear
regressive phenomena: the lumen of the alveoli expands, and
during the post-menstruation period, remnants of growth
and branching and parts of the milk ducts can be detected
only microscopically. During the climacteric stage a regres-
sion of the glandular as well as of the supportive tissue is
observed. The regressed body now consists only of milk
ducts. In addition, proliferation phenomena in the epi-
thelium with cystic enlargement of the milk ducts (in-
volutional cysts and growth equipped with a two-layered
milk duct epithelium) occur. During the proliferation and
involution phases, epithelial islands develop with numerous
roundish lumens (open spaces). Every fourth woman be-
yond the age of 40 exhibits primarily supportive tissue with-
in the periphery of her mammary gland. During the meno-

A.L. Goldson (ed.), Cancer Management in Man: Detection, Diagnosis, Surgery, Radiology, Chronobiology, Endocrine Therapy.
© 1989, Kluwer Academic Publishers, Dordrecht. ISBN 978-94-010-7646-3
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Figure 2a. Patient during cranio-caudal radiography.

pause activities of growth and regression occur on a large
scale. In this period, there is also an involution of the paren-
chyma; only fibrous septal cells and some individual cal-
cified glandular orifices remain, while the fatty tissue in-
creases in the whole breast.

THE BREAST AS A HORMONE-DEPENDENT
ORGAN

In accordance with Spona (333, 334), the mammary gland is
under a multi-hormonal influence. During the first two years
of a child’s life, only a slight secretion of follicle-stimulating
hormones (FSH) takes place via the hypothalamus-
hypophysis axis. In the pre-puberty phase, there is a sudden
increase in FSH secretion, stimulating the synthesis of es-

Figure 2b-2c. Mammogram of anterio-posterior radiograph, b right
breast, ¢ left breast.

trogen in the ovaries, which, in turn, will act upon the
mammary gland and encourage development of the milk
ducts. In addition, oestrogen stimulates the development of
connective tissue.

Following puberty, once the cycle is established, luteiniz-
ing hormone (LH) is produced in the hypophysis, in addi-
tion to FSH. Also, in addition to estrogen, progesterone is
now being synthesized in the corpus luteum, which, in turn,
stimulates the development of the acini. During this phase,
there is a release of prolactin, a hormone formed in the
anterior pituitary gland. While stimulating the female mam-
mary gland and milk secretion, prolactin retards develop-
mental activity in the ovary. During pregnancy, after the
eighth week, prolactin is formed in increasing amounts,
reaching at the time of birth a plasma concentration of
200mg/l. The direct effect of prolactin on the mammary

Figure 3a. Patient during oblique radiography.

Figure 3b-3c. Mammogram of oblique radiography, b right breast
c left breast.



gland is inhibited by the increased synthesis of estrogen and
progesterone, since the sensitivity of the acini towards
prolactin is inhibited by a vigorous estrogen and/or gestagen
secretion of the placenta. After parturition, inhibition of
prolactin by estrogen and gestagen ceases. Prolactin is now
permitted to act fully upon the mammary gland, encour-
aging the synthesis of milk and milk proteins in the acini.

Estrogen, gestagen and prolactin represent only a fraction
of the hormones acting upon the mamma. There is another
series of hormones which also influences its development. In
order to understand the effect correctly, it is necessary to
consider the multi-hormonal event as a whole.

Hormone Effect

estrogen ductal, lobuloalveolar structure
of mamma

gestagen acinus-formation, circum-

tubular connective tissues
stimulation of the duct system
and the terminals

growth hormone

adrenocorticotropic lobuloalveolar differentiation
hormone

adrenocortical hormone  increases growth

parathormone micro-calcification, hyper-

calcemia

testosterone alveolar proliferation

thyroxin proliferation of the mamma

insulin differentiation and prolifera-

tion

Multi-hormonal influence on the breast according to Spona
(333, 334)

Changes caused in the breast by menstrual cycles and preg-
nancy became apparent through changes in the size of the
mammary gland and its infrastructure.

We have performed 362 mammograms on 214 women,
age 14 to 43 who had been admitted for abortions or deliv-
ery. The first mammograms were performed from 4 to 13
days after delivery. Among the 214 women were 21 with
interruption cases and 193 with a regular pregnancy (lacta-
tion cases). Mammograms were performed in more than
half of all these women.

In general, it was found that already in the early stages of
pregnancy or at the time of lactation there was a noticeable
increase in the size of the whole breast and a distinct solidi-
fication of the structures. During pregnancy, the breast is
characterized by first, wave-like border contours in the sub-
cutaneous region, a condition which, in part, is caused by
tangentially affected blood vessels and secondly, by bright-
ness zones in striped or oval contours of the central portion.

In 90 % of all cases, a normalization of the mammary
structure could be observed at the three months in some
cases, and in all cases, five months after parturition.

MAMMOGRAPHY
Definition

The greatest challenge to mammography lies in the area of
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minimal carcinoma: the smaller the cancer, the fewer are the
radiographic findings and the more uncertain is the true
pathogenesis (164). Classical (historical) factors such as ages
at menarche, menopause, or at first child, post-menopausal
weight and high parity are not strong determinants of risk
factors (45). See also: (23, 48, 171).

Mammography is the production of a radiograph of the
breast, using preferably a dedicated mammographic unit
suitable to record the morphological structure of the breast
and to recognize microcalcifications or nonpalpable mass or
architectural distortion.

Mammography remains the most effective, if not the only
imaging method for detection of non-palpable breast cancer
(28, 29, 30, 37, 60, 115, 243, 346, 57, 338, 88). The wide-
spread use of mammography has led to the detection of a
substantial number of in situ or noninvasive mammary car-
cinomas (296). Risks versus benefits of mammography was
questioned in 1976 (16), but the risks have declined remark-
ably since the earlier days due to new dedicated mammo-
graphic units. Mammograms are characterized by exposing
breast parenchyma to cranio-caudal and medio-lateral ir-
radiation, proper lighting and contrasting, a lack of grain-
induced loss of focus, a reduction of blur and a clear film
carrier, and a lack of artifacts on the film (22). The decrease
of the radiation risk to the mammary gland and the adjacent
tissues can be achieved by improvement of the mammo-
graphic equipment, strict selection of women for X-ray
examination, and increase of the intervals between examina-
tions (294, 261).

Risk factors

Assessment of the hypothetical risk from mammography
was first suggested by Bailar in 1976 (16). The question was
raised after the observance of excess incidence of breast
cancer in several groups of women exposed to high doses of
radiation in Hiroshima and Nagasaki atomic bomb ex-
plosion. This also was observed in Nova Scotia and
Massachusetts in patients who had multiple chest fluoro-
scopies during pneumothorax treatment for tuberculosis.
Similar observation was made in women who were treated
with radiotherapy for postpartum mastitis. Swedish women
who had radiation therapy for various benign breast con-
ditions and female radium dial workers who ingested radio-
active material from paint brushes which they moistered
with their tongues.

Whether very low doses of radiation such as current
mammographic techniques can cause cancer is unknown.
The risk if exists is so small that it has never been observed.

In several respects radiation induced breast cancer in
human resemble to animal models. All contain a linear
portion which rises with dose above 100rads. No excess
cancer was reported among sanatoria patients in Massa-
chusetts receiving a mean dose of 35rads or in patients in
Toronto exposed to 17rads. The Japanese women were a
larger group and many of them received doses below
100 rads. The highest possible baseline increase was about
25 cases per 100,000 patient years.

For all human cancers in general the BEIR I1I Committee
(32) reports has used a combined linear-quadratic model in
which risk is intermediate between a linear and a pure
quadratic response. Radiogenic breast cancers in humans do



60 A. Gregl, 0.S. Cigtay and C.J. Harrington

not appear until a minimum of 10 years after exposure. For
younger women latent period is 15 to 20 years. For the years
after this latent period, a risk estimate of 7.5 excess cancers
per million women per year per rad has been made for the
three main groups of western women studied.

Sensitivity is age related. This estimation was derived
from populations consisting largely of persons less than 30
years of age.

In Nova Scotia sanatoria patients incidence was mini-
mum in the 30 to 60+ age group; it was highest between 20
to 29 age group. In atomic bomb survivors risk was highest
between the ages 10 and 19. Several theories have been
advanced to explain why radiation risk depends on age.
Moolgavkar (257) postulates that breast cancer evolves in
two stages and that the effect of radiation is to act on the
second step: to transform intermediate cells to tumor cells.
Korenman (208) has suggested that susceptibility to radia-
tion depends on the ratio of estrogen to progesterone in the
blood.

In conclusion since there is not a single case in the litera-
ture that was reported (in spite of radiation dose of 8§ rads in
the earlier conventional mammograms with 3 views of each
breast taken) it was decided that benefits outdo the risk.

In the United States by recommendations of the Ameri-
can Cancer Society every woman should have a baseline
mammogram somewhere between ages 35 and 40 for future
reference (242). In the high risk women, yearly examinations
should be strongly urged and should be mandatory (246). In
227 women who had mammography malignancy was seen in
14/18 malignant tumors and 4/18 benign tumors and benign
changes in 181 benign tumors (340). Mammography per-
formed yearly on postoperative cancer patients (whether
had mastectomy or lumpectomy) to detect early, nonin-
vasive recurrences in the same or opposite breast and to
improve survival rates (283). Breast carcinoma in situ is a
nonpalpable but potentially curable lesion it only could be
detected by mammography (348). High proportions of
breast cancers detected by mammography were noninvasive
or locally invasive types (less than 1cm in size) and a sub-
stantial number of cancers were detected in Screening Cen-
tres (28).

The American Cancer Society and the American College
of Radiology also encourage breast self-examination, since
90% of breast cancers are detected by the woman herself;
the clinical breast examination and mammography together
(94, 95) gives the highest diagnostic yield. Women at high
risk for breast cancer who had mammography at first
screening, the detection rate was higher than that among
general subjects examined in Miyagi Prefecture, Japan (1, 2).
Recent publications have shown clearly that screening by
mammography is the only method of reducing breast cancer
mortality substantially (118, 198, 35, 298, 219). Mammo-
graphy is also performed in the follow-up of the patients
who have the carcinoma of the cervix or uterus. (74).
Mammographic parenchymal pattern have been examined
as a guidance of determining woman at high risk of develop-
ing breast cancer by Wolfe and others; (52).

The parenchymal patterns are of value as predictors of
hormone dependency and survival in breast cancer (166).
The concept of minimal breast cancer as a stage of cancer
that is 95% curable is a valid one, if minimal breast cancer
is defined by strict parameters. Both 0.5 and 1.0cm have

been defined as upper limit of size (399). Carcinomas found
by mammography were smaller and less likely associated
with metastases to the axillary nodes than carcinomas of the
breast which have been diagnosed by palpation during the
same time period (279). Interval mammographic abnor-
malities detect significant pathologic changes in the breast
and should be considered a major indication for breast
biopsy (396, 397). Screening for breast cancer at an early age
should be reserved for those women with high-risk factors
(416).

The American Cancer Society recommends annual
screening mammography for asymptomatic women over 50
years old. (The risk increases with age). Annual screenings
in the United States recently made a great progress also due
to efforts made due to reduce cost (as low as 15 dollars),
toward educating physicians and patients regarding its value
and toward lowering its radiation risks (25, 36, 173).

Improved understanding of breast cancer is necessary
(278). At the beginning physicians disagreed with guidelines
for mammography, because they feel the cost of the test and
radiation exposure associated with its use argue against
patients being tested annually, or being tested at all in the
absence of symptoms (Survey of physicians’ attitudes, 1985
(349)). Diseases suitable for screening are those leading to
serious morbidity and high mortality, those with a pro-
longed preclinical phase in their natural course, and those
for which effective therapy is available following early diag-
nosis (179). It has already been convincingly demonstrated
that properly performed mammograms interpreted by a
well-trained mammographer can detect breast cancer before
it has grown to a stage at which it is incurable (350). Im-
proved survival rate of breast cancer patients in Sweden was
apparent in all age groups, but it was of lower magnitude
among women younger than 45 years old (5). A similar
development was seen after the first 7 years of mammo-
graphic screening in Kopparberg, Sweden (351); for Malmo,
Sweden, see Andersson (11); Fagerberg (86). The results to
the end of 1984 show a 31% reduction in mortality from
breast cancer and a 25% reduction in the rate of stage II or
more advanced breast cancers in the group invited to screen-
ing (350). Mammography is a determining factor in early
diagnosis, and at 5 to 10 years contributes significantly to
improved 5- and 10-year survival rates (287). In a Canadian
study a total of 23,101 women underwent mammography; in
139, breast cancer was detected at first screening; in 20, less
than 12 months after first screening; or/and in 47, at second
screening (17, 18). From the Edinburgh Breast Screening
Project was concluded: Qualitative histopathology may
provide a better measure than standard quantitative judg-
ments of size and lymph node status to compare the varieties
of cancer detected by screening programs and to understand
the biology of the disease (10). Dutch and Swedish trials
suggest that the most effective screening strategy may be
annual mammographic and clinical examinations for
women aged 40-49 years and biennial examinations there-
after (259). After the use of the first experiences with the
stereotactic diagnostic device “Mammotest” mammogra-
phic follow-up did not yield any false negative findings to
date (68). In a rural area near Florence a population-based
screening program for breast cancer was started in 1970,
offering a mammography test every 2.5 years to all women
between 40 and 70 years of age, in which no significant



protective effect was seen in women below the age of 50
years (274, 275). Mammography proved more reliable than
clinical examination in evaluating the degree of tumor re-
gression (368). Valid mass screening for breast cancer was
also carried out in 13 cities in Osaka Prefecture during the
last 15 years (360). Technological advance has made re-
markable improvements in image quality in the field of
X-ray mammography which ensure to successful manage-
ment of breast cancer in Japan (6). In general, the breasts
themselves of Japanese women are small because their
breast fatty tissues are not so developed as those of Cauca-
sian women. Therefore, conventional mammogram tends to
show a very dense breast with difficulty in detecting a mass.
A compression spot by a small cone may overcome the poor
contrast in those women (269). Variation in population
groups responding differently to versions of diagnosis and
treatment of neoplastic diseases, as well as others may be
overcome by better elaboration of the intraspecies com-
parison. In 50 Chinese patients who had mammograms
accuracy in diagnosis of benign breast disease was only 12%
and for all breast lesions was 32%. This low diagnostic rate
is due to the technical difficulties in examining the small
breast by mammography (7). See also (146, 217, 241); Some
thing applies to young breast with dense appearance. As a
rule carcinoma in women less than 40 years old represents
only 7.4% of the total number of carcinomas (55).
Mammography is also performed in inflammatory dis-
eases when there is a palpable mass such as abscess in
general and in acute lactation mastitis (343). More aggres-
sive monitoring of the remaining breast by frequent clinical
examination, mammography, and selected contralateral
biopsy (especially in lobular carcinoma by doing tumor
image biopsy) appears to have increased the early detection
rate of second breast cancers in patients under observation
(311). Through specimen radiography the greatest accuracy
of removal was found for lesions which proved to be malig-
nant. (87). Pneumocystography after aspiration may be ben-
eficial in detecting cancers deriving from breast cysts (299).

Method

On the basis of experience gained over the past 40 years in
the clinical-physical investigation of the breast, the follow-
ing procedure has proven successful:

1. In women up to age 35 because of the density of the
structure and the fact that mammary (breast) carcinoma is
extremely rare in this age group, yearly physical examina-
tions is not performed and mammography should not be
performed unless there is a palpable mass. If secretion takes
place, and this is not unusual for this group, then determina-
tion of the hormonal state (prolactin and stress tests) togeth-
er exfoliative cytology, should be carried out and evaluated.
If there is a bloody nipple discharge then galactography
(ductography) is indicated.

2. For women age 35 to 40, it is necessary in any case to
determine the cause of breast complaints such as pain, thick-
ening, hardening of lumps or secretion. Clinical examination
is followed by mammography using one of the standard
techniques (Film-screen mammography or xeromammo-
graphy (Figures 1, 2, 3) in at least two planes. The oblique
exposure including the axillary extensions, is of prime im-
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portance. More than 50% of all mammary carcinomas are
located in the upper-outer quadrants since the glandular
elements are more abundant there.

If a lump, or mass, is present on the mammogram, then
a differentiation between a solid mass and a cyst is possible
only by additional sonography and/or fine-needle biopsy.
When the breasts are very dense but lumpy the additional
use of ultrasonography is recommended. If secretion is
present, then the color of the secretion is important (serous
and amber-colored secretion indicate a carcinoma), bloody
secretions tend to indicate rather a papilloma, Considera-
tions of the hormone status and of exfoliative cytology are
followed by galactography (ductography).

3. In the case of women past 40 years of age, consideration
of possible mammary carcinoma takes precedence. The test-
ing process is similar to that used for younger women. A
clinically occult diagnosis (small mass, architectural distor-
tion or microcalcification) is then made: needle localization
is performed prior to surgery under sterile conditions. Then
the patient with the needle in, together with localization
images, is referred to the surgeon.

The steps of a program devoted to dose and quality in
mammography are: (a) collection of the working parameters
in each unit, (b) dose and image quality evaluation, (c)
communication of the results and suggestion for corrective
actions (286). Radiation protection in mammography is
restricted to the carcinogenic side effect of radiation ex-
posure in mass screening of asymptomatic women (282).
The potential usefulness of the ultra-high-strip-density grids
was demonstrated in a comparison of mammograms (53).

In medicine, only those methods for examination a pa-
tient will remain in use whose results can be reproduced and
compared without difficulty, and which, without special
instruments, and without excessive expenditures of time and
money can be performed routinely by medical personel with
time-limited training. Of the physical examination methods
of the breast, which must always be preceded by a history,
mammography has established itself because of the numer-
ous advantages it offers for a complete medical diagnosis.

The use of all applicable diagnostic methods is justified by
the need for recognition of a mammary carcinoma as early
as possible, while there are still no clinical symptoms, and to
confirm or disprove the finding of the existence of a car-
cinoma either by the patient herself or by the examining
physician. For an accurate mammogram the following opti-
mum voltages were proposed: 28-29kv for thin breasts,
29-30kv for average breasts and 33-35kv for thick ones,
(157). Although the number of screening programs for
breast cancer has increased in the past decade, real progress
has been surprisingly slow and the issues in breast cancer
screening have proved to be subtle and complex (19, 20, 43).
Ultra-high-strip density grids may be useful in selected cases
such as in the performance of adjunctive whole-breast or
spot film magnifications and in the radiological examination
of surgical specimens (46). The use of a fine microfocus of
0.3mm for a better study of all fine calcifications is recom-
mended (51). The radiation dose is the same with stationary
and moving mammographic grids differences in the design
of the two devices may lead to a personal preference in
deciding which grid to use (64, 65, 100). Development of
xeromammography was the single and most valuable ad-
junct to mammography (414) and its continued use proves
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that it has a superior diagnostic accuracy over conventional
film mammography (97, 106, 372).

Direct contact B-scan sonomammography is of consider-
able value in the radiologically dense breast (145, 149, 155,
156). MRI is presented as a new possible tool for an im-
proved evaluation of breasts with silicone implants (158).
MR imaging of breast using Gd-DPTA may be helpful for
the evaluation of dense breasts (159, 160, 161, 162). Spe-
cimen radiography is a very useful tool in the accurate
surgical excision of breast cancer (170). A series of 100
consecutive occult mammographic abnormalities were loca-
lized with a curved-end retractable wire system. A true-
positive rate of 24% and a failure rate of 4% for initial
excision were found (176, 177). The ideal imaging system
will have the optimum beam energies of 19 and 68 keV (193,
173); see also (192, 198, 202, 205, 211). Occult malignant
lesions are most often found by breast X-rays (mammo-
graphy or xeromammography) which are done for: the sur-
vey of high-risk asymptomatic women; contralateral breast
studies: symptomatic breasts without palpable findings: nip-
ple discharge; larger pendulous breasts; and multinodular
breasts. Biopsies for occult lesions, based on radiographic
findings, are recommended for: suspicious calcifications;
stellate-shaped masses; breast masses with ill-defined bor-
ders or nodular contours; dominant masses; and areas of
increased density or distorted breast architecture (228, 239).
Needle localization of nonpalpable breast masses is a safe,
rapid, and accurate method for localizing small, potentially
highly curable breast cancers with minimal sacrifice of
breast tissue (34). See also Zwicker (424). The drill needle
biopsy method can be performed easily and accurately on
masses less than 2 cm, or even 10 mm or less masses (419). A
false-negative result of a mammogram was particularly like-
ly to be obtained in young premenopausal women with
small tumors. A negative mammogram should not delay a
biopsy in a patient and is dangerous in that it has a signifi-
cant false-negative rate which carries with it the serious risk
of postponing a biopsy (374). For less common questions see
(253, 266, 267, 268, 307, 367, 370).

A review of surgical specimens of cancer patients demon-
strated at 27% incidence of residual disease at the biopsy
side (243). The increased number of mammograms has
brought into focus the necessity for radiation dose reduc-
tion. Breast thickness and incident half-value layer (HVL)
are sufficient to characterize the normalized (mrad.incident
roentgen) breast dose (262, 326). The use of film-screen
combination or low dose xeromammography techniques
reduce the doses to a safe level (320). A significant preclinical
radiologic case of abnormalities of the breast is given in
borderline lesions from the point of view of histopathology
such as tubular carcinomas which originally were missed
and called sclerosing adenosis until unproved mammo-
graphic methods showed as small as 3 mm lesions (357).

What advantages have these additional physical examina-
tion methods in breast cancer diagnosis brought us?

1. The purely clinical breast cancer diagnosis is burdened
with an error margin of up to 30% (66, 221).

2. The histological frozen biopsy examination is subject to
an error margin of up to 3% (66).

3. The clinico-radiological examination carries an error
margin of from 5% to 10%, even after the addition of fine
needle aspiration biobsy since the middle of the 1960’s with

an error margin of below 5%. Thus the total predicative
value of the triple diagnosis (clinical, mammographical,
cytological) approaches that of the frozen section examina-
tion (366).

We tend to forget too often that the additional physical
examination methods for the breast have provided us with
deeper insight into the hormonal conditions of the mam-
mary gland and into the biological characteristics of benign
or conditionally benign disorders. It must be stressed once
again that the benign disorders of the mammary gland are
four-to six-times as frequent as the malignant.

See also: (234, 235, 329, 331, 336).

BENIGN MASSES

Fibroadenomas

The bilogical behavior of fibroadenoma, next to mammary
dysplasia to be seen as the most frequent disease in women,
has also been elucidated by mammography. Our knowledge
of this tumor, which in most cases can be diagnosed correct-
ly even without sample excision, has advanced to the point
where relatively frequently we can safely wait. This is true
especially for fibroadenomas, which are accompanied by
plaque-shaped calcifications, the case with every fourth
fibroadenoma.

Thus, we know today, thanks to the additional physical
examinations, that a portion of the adenomas in young girls
and young women up to age 25 is hormonally qualified and
that often they will regress spontaneously. Solitary cysts,
which as a rule appear from the 35th year on, can be diag-
nosed easily through mammography or sonography in con-
junction with fine-needle aspiration. Eighty percent of such
solitary cysts will regress completely, following aspiration of
the liquid content, so that the additional physical examina-
tion also assumes therapeutic importance in the case of cyst
diagnosis. Mammography alone or in combination with
sonography constitute ideal methods of examination for the
further medical control of patients with cystic breasts.

Papillomas

The enormous progress brought about by the additionat”
physical examination methods can be demonstrated best in

the case of bloody nipple discharge. Prior to the advent of

mammography or galactography, in such situations un-

necessary surgery or even mastectomy was performed.

Thanks to the latter method, the papillomas, which fre-

quently are the cause for bloody discharge, can be diagnosed

easily and removed by a limited surgical intervention (duc-

tectomy).

RISK HISTORIC
Historical review of mammography (214, 345)

The risk from mammography has been stated by Upton et
al. (362) as “the risk is 3.5-7.5 cases per million age 35 yr to
older per year per rad to both breasts from the 10th year
throughout the remainder of life (80, 421, 423).



Phase 1 (1913-1930)

First description of microcalcification and of the radiating
ramifications in the breast (297). - First x-ray of the female
breast in vivo (199) - Stereoscopic x-ray screening of the
mamma (384).

Phase 2 (1931-1960)

First monographs on mammography by Leborgne (225),
and by Ingleby and Gershon-Cohen (181) - First observa-
tions of the hormonally and constitutionally influenced
changes in the mamma by Seabold (309); Gershon-Cohen
and Strickler (111); Bayer (26); Fochem and Narik (93) -
Introduction (installation) of gaseous contrast methods into
the breast and its surroundings to intensify contrast by
Baraldi (21), Hicken et al. (62), Bianchi (33), Gros et al.
(142): precursors of present-day mammography technology;
low voltage and foil-less film by Leborgne (223).

Phase 3 (since 1960)

Isodense-technique (immersion of the breast in alcohol solu-
tion) by Dobretsberger (72) - Further monographs on
mammography by Buttenberg and Werner (47), Gros (139),
Egan (76), Baclesse and Willemin (13), Witten (400), Ger-
shon-Cohen (107), Hoeffken and Lanyi (168), Frischbier
and Lohbeck (101) - Discovery of the characteristic auto-
radiation of molybdenum for mammography-technology
and beginning of the industrial development of mammo-
graphy-apparatus by Gros (140) - Introduction of exposure
into mammography by Hoeffken et al. (167). - First publica-
tions on screening tests together with mammography by
Griesbach et al. (135), Shapiro et al. (315) and Strax et
al.(346) - The first publication on radiation load during
mammography by Ewton et al. (84), Stanton et al. (337) and
Siler et al (324). First communications on the use of dose-
reducing film-foil combinations in mammography by Frie-
drich (98, 99).

Twenty years ago, Wolfe (401) began the systematic clini-
cal introduction of xeroradiography. This process, instead
of an x-ray film, uses an electrostatically charged, selenium-
coated aluminum plate as image carrier. As the breast is
exposed to radiation, locally differing discharge patterns are
shown on the selenium plate, reflecting the passage of the
differently weakened x-rays through the tissues. This results
in a latent, electrostatic image of the breast, which is fixed
through a special development process. A choice is available
between a positive and a negative development process. The
final xeroradiogram consists of a blue-white paper image.
The process requires tube voltages of 40-48kv. The best
results are obtained with a tungsten anode. See also: 175,
192, 193, 198, 202, 205, 212).

ad Phase 1 (1913-1970)

It was during that time that the first, promising treatment
results following radical mamma-ablatio with removal of
the axillary lymph nodes became established, based on re-
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commendations by Halstead. To this must be added the first
subdivision of mamma carcinoma into three clinical stages
by Steinthal (341) (Gregl 126, 127, 128, 129). In stages I and
2 axillary surgical clean-up was demanded categorically.
From the surgical point of view, efforts were made to find
ways to scrutinize the radicality of surgical interventions.

Salomon (297) of the Surgical Clinic of Berlin University
had the idea of x-raying the amputated breast following
mamma-ablatio and in this way to subject the radicality of
surgical procedure to reexamination. In his publication he
described for the first time the x-ray evaluations, including
microcalcification in carcinomas, with such detail that even
today, there is hardly need to add anything basically new to
his observations. By chance, and without wanting it, Salo-
mon became the founder of present-day mammography - 20
years later, someone remembered his publication. Even at
that time, he had already described three different types of
cancer: (1) node-like infiltrations, (2) diffuse infiltrations,
and (3) more or less encapsulated cancers which could be
moved about within the mammary gland. In some cases, he
describes in detail the numerous radiating branches origi-
nating at the periphery of the carcinoma. They have a length
of 1-2cm and are from 2-5mm wide. In another case, he
describes small discrete calcium accretions in the centre of a
carcinoma the size of an apple.

It was this microcalcification as described by Salomon for
the first time which turned out to be the show-piece in
radiological examination of the mammary gland and which
opened the way to prognosis. The dedicated mammographic
units, xeromammography and film-screen methods develop-
ment of mammography to date serves only one purpose -
optimization of the resolution capability of the film and
improvement in contrast with special consideration for the
recognition of even the finest microcalcifications and the
reduction of x-ray dose. During this period the first mono-
graphs on mammography appeared: Leborgne from 1953
and Ingleby and Gershon-Cohen from 1960. It must be
borne in mind, however, that during that time mammo-
graphy was restricted to a relatively few centres and to
experienced specialists. During this time, too, the first ob-
servations were published on the physiologically and con-
stitutionally related changes in the breasts, as revealed on
the mammograms. It was possible to demonstrate that the
structure of the mammary gland, as shown on the mammo-
grams, reacts as a function of the cycle (27, 93, 111. 309).
Technology became more refined, but the mammogram
remained relatively poor in contrast. To meet this deficiency,
attempts were made to inject contrasting media into the
breast. Based on the pneumo-mammography developed by
Baraldi (21), Hicken et al. (163) developed two methods for
the injection of a contrasting medium into the breast: (1)
injection into the milk ducts, with subsequent stereoscopic
examination, and (2) instillation of CO,) into the retro- or
premammary space. Bianchi (33) instilled pure oxygen into
the connective tissue, in amounts ranging from a few to
several hundred cubic centimeters. All these ‘“‘additional
methods” did not prevail and are mentioned only for their
historical interest, to show that many methods were inves-
tigated during that time to amplify the inadequate contrast
hitherto of mammograms.

During this phase, there appeared the reports of Leborgne
(222, 223, 224) who was the first to work with low voltages
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up to 30 kv and foilless films. He prepared his films on two
planes, slightly compressing the breast with the imaging
tube. The first step towards improving mammography tech-
nology had been taken.

Ad Phase 3 (1960-1980)

This phase must be viewed as the most eventful from the
standpoint of technical development in the clinical applica-
tion of mammography in individual practices as well as in
the early diagnostic possibilities. The road to progress led
from the early tungsten tube by way of the stationary molyb-
denum anode to the revolving molybdenum anode with high
efficiency and two focal point sizes. The first important step
was taken by Gros (137, 138, 139, 140) in Strasbourg. It was
he who recognized the advantages of the characteristic auto-
radiation of molybdenum when applied to mammography.
Gros and his staff were involved in the industrial develop-
ment of the first dedicated mammographic unit, at the time
still equipped with a stationary molybdenum anode.

Another important step forward was the introduction of
automated illumination by Hoeffken, Heuss, and Roedel in
1970 (167). All the mammographic equipment being mar-
keted today contain such illumination. The special charac-
teristic of the mammographic equipment lies in the fact that
the ionization chamber is situated behind the film, thus
making it impossible to switch to the usual film cassettes. All
mammographic equipments contain a tube voltage of from
20 to 40kv, because this voltage delivers high contrast dif-
ferences, more exactly, delivers the desired high image con-
trasts between fat and water-equivalent soft tissues.

At the beginning of the ‘60s first publications on radiation
load during mammography appeared (324, 337). From the
middle of the ‘60s to the beginning of the ‘70s there were
further communications primarily from the Anglo-Ameri-
can literature on how to measure exposures during mammo-
graphy. The reports spoke of a dose of up to 20 rad/exposure
on the skin and a dose in the center of the breast, after 3
exposures, of up to 10rad.

The first communications on the use of dose-saving film-
foil combinations for a reduction of the dosis were published
by Price ez al. in 1970 (280) and in 1973 by Ostrum et al.
(271).

A comparison of the quality of the images obtained with
the various film systems showed that the use of screen
caused a certain loss in resolution capacity but that this was
compensated in part through an increase in contrast. Thus,
the form of the microcalcifications was more often better but
on the other hand, could be recognized better on the film-
screen systems because of the greater contrast. Through use
of film-screen combinations, a 10-fold reduction in the origi-
nal radiation dose could be achieved. These systems will
remain, at least for the near future, the image-recording
system possible in mammography. They offer the greatest
advantage for technological development with respect to the
relationship of those to quality. The classical material test
film without screen can no longer be recommended today as
the image-recording system for a large-scale screening pro-
gram, on the grounds of a dose-limiting system of equal
quality. Magnification mammography, because of the im-

practicability involved, cannot lay claim for use as a routine
technology, but, in doubtful cases, it can contribute to the
improvement of recognition of microcalcifications and to
further differentiation of border contours of mammary
tumors.

Beginning with the concept that the scattered portion,
which reduced the desired recognition-detail considerably,
amounts on the average to 44% of the total radiation during
mammography, the German radiologist, Friedrich of Ber-
lin, had shown already in his first publication from the year
1975 the need for consideration of a scatter ray grid; in 1978
he demonstrated his grid-film-foil system (98,99). The intro-
duction of the special soft-ray grid in connection with a
double-layered material film and a fine-delineation foil rep-
resents a decisive advance toward the optimization of
mammography.

The mammary gland in the mammogram

Every x-ray image of the mammary gland reflects a certain
mammary gland size and structure, which is dependent on
age, constitution, and in part, on the prevailing hormonal
state of the patient. Therefore, the description of a mammo-
graphical finding must also include the influence of size and
structure of the mamma.

The size of the breast corresponds to the distance in
centimeters measured on the cranio-caudal picture between
film border and nipple.

Based on this scheme, in Goettingen the following distri-
bution of breast size has proved the most useful:

1. small breast (up to 5.5cm)

2. medium breast (6-10cm)

3. large, super-large breast more than 10cm).
Asymmetry of the mammary gland occurs rather frequently.
In 10,000 women, different size breasts were found in 7.06%
ranging from a barely visible discrete hypoplasia to aplasia.
When these patients complain about pain in the breast, then
it is generally the larger one; this is important to know, on
the one hand to calm the patient and on the other, to
eliminate possible additional examinations. Of course, these
patients must be treated.

Normal mammary structure (Figs. 1-9)

In 1976, Wolfe divided the types of breast parenchyma
according to findings of 7,214 patients on one hand, and of
5,284 women over the age of 30 on the other. The lowest risk
group had parenchyma primarily of fat (N1). At progres-
sively higher risk were the groups showing prominent ducts
in the anterior portion up to one-fourth the breast volume
(P1); those in which the duct pattern occupied over one-
fourth the volume (P2); and, finally, those with severe in-
volvement plus dysplasia (Dy) (402, 403, 405, 406. 408, 409,
410, 411). High levels of agreement, perhaps the widest one,
regarding mammography were found about parenchymal
pattern of the gland (42), as proven in the following selected
publications: Antalik (12); de Waard (69); Gravelle (125);
Grove (143, 144); Massa (247); Whitehead (391, 392);
Whitehouse (393).



The structure of the breast in the mammogram depends
primarily on the age and constitution of the patient. The
hormonal influences have already been discussed in another
paragraph (130). The breast structure must be taken into
consideration in any diagnosis. Attempts have been made in
many places to classify the image of the female mammary
gland as it appears in the mammogram in some suitable way
in order, in this way, to contribute through statistics to
questions of importance in medical practice. Some authors
have classified the types with relation to age; others, to age
and morphological composition; others, on the other hand,
only with reference to morphology (relationship among
fatty, glandular, and connective tissues).

Egan (75), Ingleby & Gershon-Cohen (181) classify the
mammograms with reference to age, into 5 types: 1. the
breast during puberty (here we have a homogeneous, dense
parenchyma, separated from the skin by a small fatty strip);
2. the breast of the young nullipara (this image is charac-
terized by some fat deposits within the glandular tissue); 3.
the breast of the adolescent and of young women (the glan-
dular tissue, located within the fatty tissue, is fully developed
- this breast type also appears in old nullipara, but also in
women who have nursed for a long time); 4. the breast prior
to and during menopause (slowly progressing involution of
the glandular tissue); and 5. the atrophic breast (this breast
form represents a continuation of type 4 - the fatty tissue
has now increased even more and the trabeculae are often
closely together). Occasionally, they are also shown as li-
nearly arranged strands). Witten (400), in his scheme for
classification, starts with the structure; he divides the
mamma shown in mammography into four types, with a
steadily decreasing density in the structure corresponding to
types 1 to 4: (1) diffusely glandular, (2) predominantly glan-
dular, (3) predominantly fatty: and (4) fatty.

The classification of the mammographic patterns as de-
veloped by French authors, and which is predominant in
European literature, is based essentially on the relationship
among the individual morphological structures. Gros (141)
divided the mammary gland into five types: (1) empty
mammo (sein clair) - this type predominated in the post-
menopausal stage but also in women who did much breast-
feeding; (2) connective-tissue-rich mamma (sein trabecu-
laire) — it shows enlarged septs between the individual lobes;
(3) small-spotted mamma (sein trachete); small, shadows are
visible, distinctly separated from each other; (4) cloudy
mamma (sein naugeux) - confluent shadows appear
throughout the whole body of the gland, and (5) dense-
shadow mamma (sein opaque). These are relatively dense
and permit only limited penetration by radiation.

In addition, we have a classification of the normal breast
structure, independent of the actual morphological image
based on purely radiological criteria which satisfy the re-
quirements of a clinical-statistical comparison of the pa-
tient-pool on the one hand and daily medical practice on the
other (130).

Among premeopausal women, 46.1% had taken an oral
contraceptive (“the pill”’) in the past, and 9.5% were still
taking the pill. These patients showed a decreased incidence
of P2 patterns and an increased incidence of N1 patterns
(227). To compare the advantage of one-view vs two-view
mammography screening, films were reviewed for 2500
consecutive asymptomatic women undergoing baseline
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mammography. Two-view interpretations not only iden-
tified more cancers than one-view readings (27 vs 25), they
also required fewer additional mammograms to evaluate
potential abnormalities (179 vs 642, 7% vs 26%) (318, 320,
321). The discovery of a large number of subclinical car-
cinomas, the favorable implications for preservation of the
breast and the survival justify the indications for surgical
biopsy on the discovery of an isolated mammographic ab-
normality (71). In situ cancer was always associated with
microcalcification (226).

See also: (49, 332).

I. Dense breast (Figs 4-6)

(diffusely glandular breast, immature breast, sein opaque)
densely shrunk, densely stringy, densely cystic, densely
atrophic, disk breast.

II. atrophic breast (Figs 9-10)
(predominantly fatty breast; sein clair)
atrophically shrunk, atrophically stringy

. shrunk - stringy breast (Figs 7-8)
(fibrous, involutional breast, sein trabeculaire)

1V. Cotton wool-like to spongy breast (Figs. 13-16)
(sein trachete)

Statistics

In women up to 30 years of age, predominantly 74.8%
exhibit a breast rich in glands (primarily dense structure).
Other structures can be found in this group up to 25%. The
relatively high number of cases with atrophic structures in
young women can be related primarily to the fat-enriched
breasts of adipose women. Women past 50 years exhibit an
atrophically-stringy and atrophically shrunk structure more
frequently than one purely atrophic. A wholly dense struc-
ture is found in women prior to menopause in only 30% the
cases; after that, it appears in only about 10% of all patients
examined.

Due to age, the normal mamma structure undergoes a

tendency towards regression steadily directed towards the
nipple. With increasing age the glandular, active portion of
the mamma regresses with varying speed spreading toward
the nipple. Such retro-mammillary parenchymal residuals
can simulate a process of a different kind, especially when
they occur only on one side.
Of 3,000 women over 65 in the patient pool at Goettingen
who were mammographically examined 2.8% exhibited uni-
lateral and 12%, paired, retromammary localized, paren-
chymal residual structures of various appearance.

Figures 10 to 19 show such a regression-tendency of the
parenchymal structures. The dense, elongated oval shadow
in Figure 11 can resemble equally well a mastitis, a cyst or
an abscess, an adenoma of the nipple, or a colloid car-
cinoma. Figure 12 shows the final phase of such a tendency
spreading toward the nipple.

The retromammary region, from the standpoint of patient
and examining physician alike, belongs to the clinically mute
regions of the mamma (132).

Thus, in patients with large breasts retromammary
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tumors up to 10% of breast cancers can be diagnosed only
with xeromammography. Luckily, benign processes, such as
cysts occur much more frequently than malignant processes
in retromammary lymph nodes. During evaluation of the
retromammary region, xeromammography is the best meth-
od.

I. Age-related regression tendency of the mammary gland

The dense mamma structure (glandular, active portion of
the breast gland) regresses with increasing age in direction of
the nipple, even if with varying speed. Such retro-mammary
parenchymal residuals, especially when they occur asymme-
trically, can simulate a mass.

II. The most frequent pathological diagnoses in the retro-
mammary region are of benign nature. These are usually not
accompanied with a retraction of the nipple or of the areola.
Rather, the nipple appears rather plump and the areola
arched. In these benign cases an inflammatory process, an
adenoma, a cyst, perhaps even an fibroadenoma, should be
considered first. These observations reveal mammographi-
cally, in part a specific symptomatic; some of them, as in the
case of a mastitis, can be diagnosed in a short time span of
from 4 to 6 weeks following frequent mammographic con-
trol. Of the malignant diagnoses, only the rare colloidal
carcinoma represents greater difficulties, because it seldom
accompanied by a retraction of the nipple and it can resem-
ble mammographically a cyst or an adenoma.

1. Non-puerperal mastitis — is frequently accompanied by
a clinical symptomatic, but in a mastitis is not always
obligatory. Thus, one can frequently find only a solid lump
in a mastitis under treatment, which can also resemble a
carcinoma. Short-term controls, together with thorough-

going therapy lead in most cases to a correct diagnosis in |

about 4 to 6 weeks (132)

2. Typical abscess — mammographically, presents itself in
the retromammary region as a two-layered, varyingly dense
shadow. The strip of skin, occasionally as thick as a pencil,
presents a shadow separating the abscess from the outside.
The abscess itself, as a rule, is less dense and can be clearly
distinguished from the thicker strip of skin. Larger ab-

—_—

Figure 4. 25-year-old woman - dense, glandular appearance of
adenosis. The structure is typical for this age.

Figure 5. 34-year-old woman - less dense, more fatty structure; this
structure also occurs frequently in this age.

Figure 6. 30-year-old woman - mainly glandular structure

Figure 7. 48-year-old parous woman with atrophic structure, typical
for this age.

Figure 8. 52-year-old woman - strand-like — atrophic - cystic struc-
ture; occurs in this age relatively frequent.

Figure 9. 62-year-old nulliparous woman with prominent duct pat-
tern (P,).

Figure 10. 70-year-old multiparous woman - predominantly
atrophic structure.

Figure 11. 57-year-old woman with subareolar duct extasia (P,).

Figure 12. 58-year-old woman - diffuse cotton-pad-like appearance
of adenosis which occurs equal in all age groups (Dy).
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scesses, on the other hand, can cause difficulties on a dif-
ferential-diagnostic basis since they are accompanied by a
drawing-in of the nipple, unclear borders, and occasionally,
by calcifications as well.

3. Cysts - extremely rare in the retromammary region.

Fibrocystic breast disease or mammary dytsplasia is a
distinct clinical entity that requires yearly screening to re-
duce the incidence of breast surgical procedures, and to
diminish the risk of advanced cancer (371).

Statistic

In the patient-pool cited, among the 680 cysts listed, in only
1.84% of the cases was a firm retromammary location. If a
cyst is suspected, a follow-up should be taken using sono-
graphy or, as the case may be, fine-needle aspiration.

4. Lactating adenomas - do not demonstrate special
mammographical symptoms and only through additional
examination can be distinguished from a cyst or fibroadeno-
ma or even colloidal carcinoma. They are never accompa-
nied by a retraction of the nipple. Pleomorphic adenoma of
the breast is a rare distinctive primary neoplasm and the
prognosis comparable to the corresponding salivary gland
neoplasms (420).

5. Colloid or medullary carcinomas - as a rule, represent
a relatively smoothly bordered round mass independent of
their localization, leading more to a protrusion or abnormal
plumpness of the nipple rather than a flattening. Correct
diagnosis can be made only on the basis of a biopsy.

The normal mammary structure can also be changed
through various basic diseases and disorders, developing
from an interference with the filtering and waste removal
functions of the lymph One of the most common mass lesion
seen on mammograms are axillary or intra- or retromam-
mary lymph nodes usually with fat in their hilum and bean-
shape appearance (79). These are thromboses of the large
veins, heart insufficiencies, nephrotic syndrome, skin-
necrosis after administration of anticoagulant drugs, axil-
lary lymph adenopathy of various etiologies, mediastinal
tumors, scleroderma, complications following irradiation
and surgery, chronic mastopathies, fibrosis caused by the
constant pressure of a brassiere, etc. From the clinical stand-
point primarily two diseases must be mentioned, non-puer-
peral mastitis and the inflammatory carcinoma; because, for
one thing, they occur frequently and furthermore usually
accompany changes taking place in the normal mammary
structure.

Non-puerperal mastitis is generally characterized by a
limited skin thickening with a greater degree of thickening
over the focus of inflammation, along with uniform tapering
off towards the periphery. It is usually localized in the region
of the nipple, so that the latter is involved in the thickened
skin strip. Increased density and concealing of the structure
of the breast do not, as a rule, extend over the whole breast.
With the help of mammography in most cases an exact
diagnosis of nonpuerperal mastitis was made (120). Acute
post-partum mastitis may predispose a woman to later de-
veloping a benign breast tumor irrespective of whether or
not radiotherapy was used to treat this condition (281).

Inflammatory carcinoma is a special form of cancer,
marked by the lymphangetic dissemination of a highly un-
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differentiated carcinoma in the subepidermal connective
tissue of the breast. On the mammogram it must be recog-
nized by the following three criteria: 1. thickened skin
(normally 2mm could go up to 1 cm in thickness) sometimes
extending over several mm, for the most part, across the
whole breast; 2. diffusely increased density of the whole
mammary gland structure in comparison with the other
breast, and 3. linear increased opacities vertical or oblique to
the skin surface along Cooper’s ligaments. With verification
of the diagnosis of mastitis or, as the case may be, of an
inflammatory carcinoma a high degree of clinical sympto-
matics, but for the manifestation of the two diseases,
mammography’s contribution is of decisive importance.
Rarely tuberculosis of the breast also could not be mammo-
graphically distinguished from breast cancer (182).

Before describing the benign and malignant processes
revealed by mammography mention should be made of
three findings, which can be noted either purely adven-
titiously or perceived as an accompanying symptom in the
presence of pathological processes. These symptoms are:
dilated broad veins (Fig. 13), arteriosclerosis (Fig. 14); and
typical ductal calcifications (Fig. 15). Broad veins are those
with a diameter larger than 2 mm. Some authors assign to
the latter the importance of a direct cancer indicator when
it appears in a diseased breast. In this author’s experience it
is also not rare in normal breasts, so it may be regarded as
an adventitious observation.

The arteries, which are normally not visible on mammo-
grams, can be seen when calcified. They then resemble dash
like calcifications of the media. They are quite frequent in
women past 65; arteriosclerosis occurs in one women out of
3 after age 80.

Ductal calcifications, in according with Egan (75), can
appear in a number of forms: 1. as ring-shaped, ? rod like 2.

—

Figure 13. 38-year-old woman - enlarged venous marking without
any mass lesion, could be a normal variation

Figure 14. 49-year-old woman - arteriosclerotic vessels in an elderly
breast (could be in young women with renal disease also) it is media
(Moenckeberg) sclerosis type

Figure 15. 64-year-old woman - continued glandular degeneration

Figure 16. 75-year-old woman - punctate calcifications in a fi-
broadenoma - usually seen in post-menopausal women

Figure 17. 81-year-old woman - large amorphous calcifications

Figure 18. 68-year-old woman - large fibroadenoma going through
hyaline degeneration and amorphous and large calcifications. Note
that the mass part is disappearing eventually; only calcifications will
remain

Figure 19. 42-year-old woman - diffuse opacity with retraction of
the skin and nipple; most likely a malignancy but could be inflam-
matory process such as abscess or post-traumatic condition with
hematoma

Figure 20. 69-year-old woman - nipple retraction and localized
mass-like area again could be abscess - note the calcified small
fibroadenoma in the upper quadrant

Figure 21. 76-year-old woman - calcification in a fibroadenoma
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as dense, intraductal calcifications, looking as if contrast
media were present in the ducts; 3. as parallel linear calcifica-
tions in the milk-duct walls; and 4. as thin, linear, interrup-
ted, needle-like calcifications, which also extend intraduct-
ally and therefore follow the course of the milk ducts (Fig.
150.

Following a discussion of the normal mammary structure
and of the factors which can affect its appearance; size of the
breast, and the most common adventitious observations in
a mammogram, we may turn our attention to two of the
most important pathological findings: the round focus or as
the case may be, the round shadowed area, and calcium, at
first considered independently of the biological characteris-
tics.

Circular foci (ringlike calcifications)

Cancerous degeneration is rare and is observed only 0.5% to
1.5% of all cases. Calcification, which increases with in-
creasing age, is reported in 15 to 30% of cases of fibroadeno-
mas. Radiologically, a fibroadenoma makes the impression
of a smoothly bordered, generally dense round mass, which,
not so rarely, can occur also in multiple numbers in one or
both breasts. Figures 32-34 show each a fibroadenoma-pea,
or cherry-to-apple size.

The less frequent lipomas (Figure 30) or, the lipofibro-
adenoma adeno-lipomas (Figure 31) can be diagnosed radio-
logically rather easily. In the case of the lipoma, a structure-
less radiolucency may be observed, which, with respect to its
surroundings, is delimited by a sharply defined border.

The large circular or oval with a rough structure like
cotton wool wadding and distinct delimitation from their
surrounding areas correspond generally to fibro-adeno-lipo-
mas or fibro-adeno-myxomas; as a rule, they do not require
further diagnostic examination. They are extirpated, since
they lead to an asymmetry of the breast.

Cysts present homogeneously dense round or oval masses
and they displaced the surrounding fat tissue. Therefore
there is a radiolucent halo around them. Their delimitations
can be made visible radiologically through aspiration and
subsequent filling with air (pneumocystography<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>