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Preface

With the development of medical
oncology as a medical subspecialty, an
authoritative and comprehensive text
about cancer, Cancer Medicine by
Holland and Frei, has appeared to explain
the bridge between this field and the
clinical sciences. In addition, the
individual therapeutic disciplines in
oncology have developed clinical texts in
surgery, radiation, pediatric, and medical
approaches to the neoplastic diseases.
These texts serve as compendia of
information organized and structured for
presentation by organ.

This book adds to the growing list of
oncologic texts but focuses on pratical
tactics in the management of cancer and
its complications and incorporates this
author’s individual philosophy and
approach to the cancer patient. In this
context, the primary care physician
without special training in oncology may
find the book a useful reference. A major
purpose of preparing the text is to provide
an instructional guide for those
physicians in training and in practice

who are not oriented toward oncology.
The organization and structure of this text
are designed to reinforce the principles of
cancer management and to augment the
educational experience.

Initially, this book was conceived
specifically to describe the clinical
approach to oncologic emergencies. It is
clear, however, that those complications
of cancer that are not life threatening are
equally unique and complex in their
management. Furthermore, such
complications bridge many of the
subdisciplines in medicine and surgery.
Thus, the extension from oncologic
emergencies to cancer complications at
individual organ sites was a natural
evolution and one which required
collaboration and interaction among the
major disciplines of medicine and
surgery.

It is hoped that this book will add to the
expanding list of oncology texts and will
be both an educational tool and a
management guide for the treatment of
the cancer patient.
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General Concepts in
Cancer Management
J. Lokich
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Summary 9.0
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1.0 Introduction

The complications of cancer are myriad,
and for those complications with life-
threatening potential, the perspective of
the therapeutic clinician has been, by and
large, one of nihilism. Such an approach
has been based on the assumption that the
cancer patient will inevitably die and
that the acute complication may obviate a
long period of suffering. Consequently,

it is common for the patient with cerebral
metastases, for example, to be allowed

to drift into coma without treatment with
corticosteroids or for the patient with
pneumonia not to receive antibiotics. For
many patients, however, adequate ther-
apy for the acute oncologic emergency
may result in a prolonged period of dis-
ease-free survival without major treat-
ment-related morbidity. Substantial mor-
bidity of a complication in advanced
cancer may cause pain or disability overa
protracted period, and treatment for the
complication may prevent the morbidity

of the disease. For example, early treat-
ment of spinal cord compression can
prevent paraplegia with prolonged sur-
vival. For the less than life-threatening
complications of cancer, excessive mor-
bidity can be a consequence of inadequate
treatment.

(The goals for treatment of the acute
complications of cancer are both to im-
prove the quality of life and to extend the
duration of life\The patient with hyper-
calcemic coma, acute brain syndrome,
or superior vena cava syndrome may be
returned to a completely functional state
with minimal morbidity through specific
therapy Effective management of these
cancer complications achieves prolonged
survival, although the therapy is almost
never curative.)

2.0 Therapeutic decision-making

Cancer complications from primary or
metastatic tumors involve therapeutic de-
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cisions that must be based on characteris-
tics of both the host and the tumor. The
host characteristics that play a major role
in determining therapy include age, per-
formance status or functional activity, and
the presence or absence of concomitant
serious disease. Another morbid disease,
such as renal failure, chronic heart failure,
or cirrhosis, may influence the therapeu-
tic modality to be employed and is often a
critical determinant in the choice of spe-
cific treatment.

In addition to the host factors, four
tumor factors critically influence treat-
ment decisions (Table 1.1). The pathologic
category of the tumor—mesenchymal,
epithelial, or lymphoma, for example—
and the primary site or origin—for exam-
ple, lung, breast, or colon—greatly influ-
ence the therapy by indicating the tumor’s
potential responsiveness. A second cru-
cial factor in determining therapy is the

Table 1.1 Host and tumor features that
influence therapeutic decision-making

Tumor

1. Primary tumor source and pathologic
features

2. Stage or extent of disease (quantitative
host-tumor burden)

3. Biologic activity of disease (growth
rate)

4. Responsiveness or resistance to
therapy (prior therapeutic reaction)

Host

1. Age

2. Performance status (functional
activity)

3. Other morbid disease

4. Visceral distribution of metastases and
functional reserve of organ system

stage or extent of disease. In patients with
extensive, local tumor bulk or multiple
sites of metastasis, systemic therapy is the
treatment of choice unless local complica-
tions dominate the clinical picture.
Third, the biologic activity of the
tumor—as reflected in growth rates and
measured by doubling times for pulmo-
nary nodules, or as measured by the inter-
val from the primary diagnosis to the
development of metastasis—may reflect
the aggressiveness of the tumor as well as
its potential responsiveness to therapy.
The fourth determinant of therapy is the
potential responsiveness to individual
therapeutic modalities. Tumors noto-
riously resistant to radiation and drug
treatment include renal cell carcinoma,
colon cancers, and lung cancers. On the
other hand, lymphomas and sarcomas be-
come increasingly responsive to both of
these modalities. Responsiveness to treat-
ment also depends on response to prior
therapy. For example, patients responding
to hormonal therapy or chemotherapy
are more likely to respond again than pa-
tients who have established resistance
to one modality or another. Nonetheless,
so-called “second-line” therapy is always
less likely to induce a response, even in
tumors generally responsive to treatment.
For example, in advanced ovarian cancer,
“first-line” therapy is successful in 40
to 60 percent of patients, while second-
line therapy at the time of relapse may
induce tumor regression in less than 10
percent of cases.

Second-line therapy is less likely to be
successful because of established tumor
resistance, increased tumor burden, and
decreased host resistance.

First-line therapy contributes to the limi-
tation of response to subsequent therapy
not only because of potential induction of
tumor cell resistance, but also because
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of host effects limiting the amount of sec-
ondary therapy to be administered. One
such example is the reduction of bone
marrow reserve by first-line therapy. The
corollary to this principle is that tumors
which do not respond to primary or first-
line therapy also generally fail to respond
to the secondary therapy.

These general therapeutic principles
relating to features of the tumor are guides,
however, and not definitive principles.

A common misconception in cancer man-
agement is that tumors that are pathologi-
cally anaplastic with a high mitotic index
are more sensitive to chemotherapy than
are well-differentiated tumors. The fact is
that such tumors are more likely to de-
velop resistance to therapy more rapidly
than do slowly growing tumors, and the
initial response will likely be of short
duration. No data in humans currently
indicate that rapidly growing tumors are
more responsive tumors. The most impor-
tant consideration is tumor type.

The problem of therapeutic decision-
making in cancer management is the gen-
eral question of when to treat, and specifi-
cally when to employ chemotherapy or
radiation therapy. Combined modality
treatment employs complementary meth-
ods such as preoperative radiation for
rectal cancer or chemotherapy for respon-
sive tumors. Chemotherapy may also be
used preoperatively to permit less surgery
for patients with locally inoperable tu-
mors that are chemotherapy responsive.
Preoperative chemotherapy for soft tissue
sarcomas of the extremities has been in-
troduced to promote limb-sparing tumor
surgery as opposed to amputation. These
approaches involve therapeutic decision-
making for primary (local) or regional
tumors.

The question of therapy for patients
with advanced metastatic disease is often
more difficult. The primary reasons for
introducing therapy for patients with
advanced disease are indicated in Table

1.2. If an established form of therapy is
considered “‘standard,” it must be associ-
ated with a reasonable degree of effective-
ness as measured by tumor regression and
improved survival. For example, the use
of 5-fluorouracil for colon cancer and
dacarbazine (DTIC) for melanoma have
been considered ‘‘standard therapy” be-
cause they are associated with a 20-percent
response rate. These drugs do not, how-
ever, have a significant impact on the
disease because the tumor regressions are
invariably partial, and survival is not
affected. Tumors for which chemotherapy
is associated with a 40- to 50-percent
response rate and a substantial incidence
of complete regression include lympho-
mas and cancers of the testicles, ovary,
breast, and prostate. For these tumors, the
effectiveness of the treatment is a primary
indication for therapy even in the absence
of symptoms or measurable disease.
Because an improvement in the quality
of life is sometimes achieved, symptoms
secondary to metastatic disease always
justify therapy, even when such therapy is
known to have only a marginal effect on
the tumor. The presence of measurable
disease that may be reasonably monitored
to determine the impact of treatment on
the tumor is another important component
of therapeutic decision-making. Effective-
ness of treatment can often be determined
within one or two courses of the drug

Table 1.2 Therapeutic decision-making
for patients with advanced metastatic
cancer

Indications for therapy

1. Standard therapy with known
effectiveness

2. Secondary symptoms
3. Measurable lesions

4. Limited prognosis
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or radiation. The lack of effectiveness can
dictate early withdrawal of therapy and
obviate long-term treatment having only
marginal effectiveness.

Measurable lesions permit precise moni-
toring of therapy and withdrawal of mor-
bidity-producing treatment that does not
reduce the tumor.

In this context, stable disease is an inad-
equate ‘‘response’’ to therapy in that sur-
vival for such patients is similar to that for
patients with unresponding or progres-
sive disease. In fact, it is only in those
patients for whom a complete regression
of all clinically detectable tumor is
achieved that one can measure an im-
provement in survival.

The last criterion for determining when
to introduce therapy is the most difficult
to establish. For patients with advanced
cancer the prognosis is always limited
because incurability is an established fact.
But the duration of life varies and predic-
tions depend on biologic factors concern-
ing the host as well as the tumor. In pre-
terminal patients, tumor-specific therapy
and even maximally supportive therapy,
hyperalimentation, for example, may not
be warranted, while for patients with an
extended survival expectation, the intro-
duction of morbidity-associated therapy
is similarly not warranted. In the absence
of known effective drugs, symptomatic
disease, or a measurable lesion that can aid
in evaluating therapy, the decision to
treat must be determined by a delicate in-
teraction between physician and patient.
Both biologic and psychologic issues
should be considered.

Two special circumstances in therapeu-
tic decision-making for metastatic disease
are worthy of comment. The first is the
common situation in which the patient has
distant metastases at the time of primary
presentation. The question then is the

primary lesion, which should be treated
only if (1) the metastases are controlled or
(2) the primary tumor is the source of
major symptoms.

Patient A, a 55-year-old woman, presented
with shoulder pain and massive hepato-
megaly. Needle biopsy of the liver re-
vealed adenocarcinoma, and barium
enema demonstrated a lesion at the trans-
verse colon. Hepatic infusion with 5-
fluorouracil resulted in dramatic regres-
sion of the hepatic metastases, and subse-
quent resection of the primary lesion

was carried out.

Therapy for the primary tumor in the
presence of metastases depends on the
symptoms produced by the primary
tumor and/or the control of the metastatic
lesions.

Local therapy for the primary tumor
generally involves surgery (see Patient A);
conservative surgical procedures are pref-
erable, as incurability is established by
the presence of metastases. Adequate
surgical palliation, however, may require
more extensive surgery.

Patient B, a 36-year-old woman, had a
primary breast cancer with a fungating T?
lesion (10 cm). Routine bone scan re-
vealed multiple lesions. In spite of the
bone metastases, a mastectomy was per-
formed as a “toilet” procedure to mini-
mize discomfort and secondary infection
in the tumor.

The second special clinical circum-
stance in therapeutic decision-making for
metastatic disease is the unknown pri-
mary tumor.

Treatment for the patient with the un-
known primary tumor should be based
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on the assumption that the tumor is opti-
mally responsive.

All the clinical information should be
considered when determing the proper
therapy. It is preferable to consider the
clinical data and then to integrate the
concept that treatment should be directed
toward the most treatable (responsive)
tumor.

Patient C, a 65-year-old man, had multiple
sclerotic bone lesions and a normal acid
phosphatase and prostatic examination.
Needle biopsy of the prostate was normal,
but the patient was treated with estrogens
with complete pain relief. At postmortem
five years later, he was found to have

a small primary tumor in the prostate.

The most treatable metastatic tumors for
males are prostate and testicular cancers
(response rate 80 percent) and for females
are breast and ovarian cancers (response
rate 50 percent).

Because few primary tumors are re-
sponsive to systemic therapy, and because
by and large therapy in responsive tumors
is effective regardless of tumor burden,
the asymptomatic patient with an undi-
agnosed primary lesion may not require
early systemic therapy.

In addition to therapeutic decision-
making for patients with advanced or
metastatic disease, the problem of staging
or evaluating the extent of disease should
be critically considered. Because the pres-
ence of metastases establishes the incura-
bility of the disease, additional diagnostic
maneuvers such as bone scans, pulmo-
nary tomograms, or intravenous pyelo-
grams are justified only as therapeutic
guides. Such procedures are superfluous,
not cost-effective, and although not inva-
sive, can produce physical and psycho-
logic discomfort for the patient.

3.0 Concepts of local, systemic, and
combined modality therapies.

Cancer therapy may be divided into two
categories—local or regional, and sys-
temic. Local or regional disease, such as a
stage I carcinoma of the breast or a stage
II carcinoma of the rectum, is treated lo-
cally, with either radiation therapy or
surgery. In circumstances where local
therapy is associated with a high inci-
dence of recurrence, a combination of
modalities may be effective. For example,
preoperative radiation therapy in rectal
cancers has added substantially to local
control, and prophylatic postoperative ra-
diation therapy to the chest wall follow-
ing mastectomy decreases the local recur-
rence rate.

Systemic therapy is treatment distrib-
uted not only to the local area but also to
other areas throughout the body, exclud-
ing the pharmacologic sanctuaries (e.g.,
central nervous system). Chemotherapy,
including cytotoxic drug therapy, hor-
mone therapy, and immunotherapy, is
systemic therapy. Its use is based on the
tendency for any individual tumor to
metastasize outside the local or regional
area. For example, osteogenic sarcoma
almost invariably leads to pulmonary
metastases, and although the management
of the local tumor is often uncomplicated,
systemic therapy becomes necessary.
This combined modality therapy for os-
teogenic sarcoma usually includes surgery
in conjunction with systemic chemother-
apy rather than with radiation therapy.

The combination of local and systemic
therapy is commonly referred to as “adju-
vant therapy” and has resulted in im-
proved local control and prolonged sur-
vival for some types of tumors (Table 1.3).
For patients with advanced regional dis-
ease and presumed occult micrometastatic
disease, multiple or combined modality
therapy is an evolving area of clinical
investigation in cancer management. For
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Table 1.3 Effective combined modality therapies with
improved local control and/or prolonged survival

Modalities

Tumor

Surgery + Radiation

Rectal cancer

Sarcoma

Surgery + Chemotherapy

Breast cancer

Osteogenic sarcoma

Radiation + Chemotherapy

Breast cancer

Sarcoma
Pancreatic cancer

breast cancer and sarcoma in particular,
adjuvant therapy has demonstrated that
combined modality therapy may at least
alter the natural course of the cancer.

4.0 Evaluation of response to therapy

The evaluation of the impact of therapy
on malignant disease is often difficult
because the tumor may reside in such hid-
den areas as the retroperitoneum, or it
may be microscopically distributed and
therefore not clinically measurable. An-
other difficulty in monitoring the impact
of therapy on the disease is the subjective
evaluation of symptoms. Symptoms asso-
ciated with cancer may be due to second-
ary infection or may be related to an ancil-
lary morbid disease. For example, bone
pain may be related to arthritis or Paget’s
disease, and in patients with bone metas-
tases, the nonneoplastic process may
be contributing to symptoms. Subjective
improvement or deterioration in symp-
toms does not necessarily confirm the
effectiveness or lack of effectiveness of a
treatment modality.

As a consequence of these problems,
the evaluation of a new therapeutic mo-
dality must be as objective as possible.

The comparison between treatment or
nontreatment should preferably be per-
formed with a randomized and controlled
trial, although in some instances historic
controls may be appropriate. Two primary
objective criteria determine therapeutic
response. Survival, a precise measure

of time, is measured from time of primary
diagnosis, initiation of therapy, or diagno-
sis of metastases. One can determine the
median survival, or time at which 50
percent of the study sample has died, and
compare the median survival to that of

an untreated group; alternatively, one can
determine the percentage of patients sur-
viving at specific intervals such as two

or five years.

Responsiveness to therapy may be deter-
mined, in descending order of reliability
and objectivity, by survival, tumor
regression, and symptom response.

When survival is a criterion, one is eval-
uating the overall effect of treatment, but
the antitumor effect of the therapeutic
modality may be undetermined. Objective
reduction in tumor size is therefore the
criterion primarily employed in chemo-
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therapeutic trials to evaluate the specific
effectiveness of a drug or combination of
drugs (Table 1.4). The criteria for objective
reduction in tumor size are based on mea-
surable parameters and, at least for “par-
tial” and “complete response,” as defined
in Table 1.4 are almost invariably associ-
ated with greater survival. Objective re-
duction in tumor mass is evidence of
response, and in addition, at least one
month of sustained regression must be
achieved. “Stable disease,” “improve-
ment” and ‘“mixed response’ are cate-
gories primarily used in early-phase drug
development studies. A mixed response
implies both increasing disease or appear-
ance of new lesions and reduction of dis-
ease at another site. Mixed responses

are invariably associated with no impact
on survival and are therefore inconse-
quential in the evaluation of a drug or drug
combination.

The patterns of measurable metastatic
disease are limited; for solid tumor lesions,
pulmonary nodules are the most precisely
measurable metastases (Table 1.5). Lesions
that are determined to be nonmeasurable

Table 1.4 Objective reduction in tumor

represent secondary effects of the tumor
and therefore do not precisely correlate
with tumor mass. Bone lesions, for exam-
ple, are particularly difficult to evaluate
and represent a common metastatic
pattern.

5.0 Oncologic emergencies

Oncologic emergencies are those second-
ary complications of cancer that have
either life-threatening potential or major
irreversible morbidity if untreated. Within
this arbitrary definition, three categories
of oncologic emergencies can be estab-
liched (Table 1.6). The first is clearly life
threatening and associated with major
morbidity. Neurologic lesions within the
nervous system, particularly the central
nervous system above the foramen mag-
num, exemplify this category. Spinal cord
compression, if untreated, may cause
major morbidity, including paraplegia
and conditions requiring prolonged nurs-
ing care, but it is not life threatening.

The second category of oncologic emer-

Partial response

A 50% reduction in the product of the

Complete response

Stable disease

No response
(progressive disease)

Improvement

maximum perpendicular diameters of the
most easily measurable lesion without
increase in other lesions and with a minimum
duration of four weeks.

A 100% reduction in all evidence of tumor for
minimum of four weeks without appearance of
new lesions.

Less than a 25% decrease in measurable
disease without other lesions developing.

More than a 25% increase in the size of the
lesion or the development of new lesions.

A 25-50% reduction in the product of
maximum perpendicular diameters lasting at
least four weeks.
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Table 1.5 Measurable and nonmeasurable patterns of metastatic disease

Measurable

Nonmeasurable

Discrete pulmonary nodule
Discrete subcutaneous nodule
Hepatomegaly*

Biochemical markers

HCG, CEAt

Lymph nodes

Effusions including ascites
Neurologic symptoms
Abnormal liver function tests
Pelvic mass

Liver scan lesions

Confirmed histologic osseous lesions

*Only if liver is below costal margin in AAL and MCL, in which case criteria of response is a 30
percent reduction in the sum of the measurement from subcostal margin to liver edge at the

AAL and MCL

tOnly if pretreatment level exceeds 50 ng/ml by Hansen assay

gencies involves mid-line obstruction
within the mediastinum with extension to
the heart, the venous inflow tracts, or the
trachea. Finally, metabolic abnormalities
that may be a consequence of primary
endocrine dysfunction or secondary para-
neoplastic syndromes can result in major
morbidity and even in death.

The clinical management of oncologic
emergencies often involves immediate
therapeutic intervention without specific
diagnostic evaluation. For example, a
histologic diagnosis or confirmation of
cerebral metastases is not generally neces-
sary because of the rarity of other causes
of central nervous system lesions. Simi-
larly, the superior vena cava syndrome is
almost invariably due to a malignant pro-
cess, and vigorous diagnostic procedures
can be associated with major morbidity
and mortality.

All of the oncologic emergencies de-
fined here are treatable so that reversibility
of the clinical syndrome may be fre-
quently accomplished with standard,
noninvasive, and tolerable therapies. In
fact, more than 50 percent of patients with
any of the clinical emergencies may have
regression. More importantly, the emer-
gency may be effectively treated so that

recurrence is prevented, and prognosis is
determined by another site of disease.

6.0 Organ-related cancer complications

The complications of cancer that do not
represent emergencies in that they do not
have life-threatening potential do have
major implications for morbidity. These
can be categorized by organ systems (Table
1.7). The categories of complications are
related to seven organ systems. Neoplastic
lesions affecting the gastrointestinal tract,
genitourinary tract, bone, or lung are
often diagnostic problems as well as ther-
apeutic dilemmas. Hematologic and der-
matologic complications of cancer are
commonplace and may cause significant
patient morbidity. Nervous system com-
plications comprise a category also in-
cluded as an oncologic emergency.
Specific pathologic lesions or clinical
effects are characteristic for each organ.
These include urinary obstruction, patho-
logic fracture of the bone, lymphangitic
infiltration of the lung, and gastrointes-
tinal obstruction. In each visceral organ a
benign process may mimic the malignant
disease so that definitive diagnostic eval-
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Table 1.6 Oncologic emergencies with
life-threatening potential

I Neurologic lesions

Central nervous system, cerebral
hemispheres, cerebellum and brain
stem

Spinal cord*

II Mediastinum or midline structure
lesions
Vena cava obstruction
Laryngotracheal obstruction

Pericardial invasion

III Endocrinologic or metabolic effects
Hypercalcemia

Paraneoplastic syndromes, e.g.,
SIADH

Endocrine organ tumors

*Spinal cord compression is not life threatening but
is associated with major morbidity.

uations are necessary. Acquired infec-
tions, complications of therapy, incidental
degenerative diseases, or unrelated acute
or chronic disease are all potential prob-
lems that influence the therapeutic ap-
proach as well as confuse the diagnostic
picture. The patient with cancer is not
immune to diabetes mellitus or coronary
artery disease and is susceptible to inci-
dental uncommon and rare diseases as
well.

7.0 Diagnostic problems in cancer
management

The diagnosis of cancer is often simple
because pathologic criteria for malignancy
are usually clear-cut. Histologic criteria
for malignancy are not always unambigu-
ous, and low-grade tumors may represent
hyperplastic rather than neoplastic
change. Premalignant alterations may
further compound the clinical and patho-
logic considerations.

For many tumors, a diagnosis of malig-
nancy must depend upon organ invasion,
since the lesion may be histologically

Table 1.7 Complications of cancer related to organ system

involvement

Organ system

Associated complications

Gastrointestinal ~ Infection, obstruction, organ failure
tract

Genitourinary Obstruction, hemorrhage, perforation,
tract serositis, malabsorption

Bone Pathologic fracture, infection

Lung Infection, obstruction, serositis

Blood Anemia, hemorrhage, infection

Skin Allergy, infection

Nervous system

Seizures, neurologic syndromes, cord

compression, altered consciousness
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similar to normal or simple hyperplastic
tissue. For example, metastatic leiomy-
omas of the uterus have been observed
and have been associated with long-term
survival in spite of the presence of multi-
ple implants in the abdomen or lung from
histologically benign lesions in the
uterus. Presumably such lesions represent
low-grade leiomyosarcoma, which al-
though metastatic, does not interfere with
organ function. Another example is that
of bile duct carcinoma, which is, in the
opinion of some pathologists, a progres-
sive form of sclerosing cholangitis. Benign
hepatomas, particularly secondary to or
associated with estrogen-containing con-
traceptives, are not metastatic and appear
pathologically as hyperplastic hepatic
cells, or hepatic adenomas. One confusing
entity pathologically is the teratoma,
which may be diagnosed as benign tera-
toma but which, particularly for males, is
invariably associated with the capability
for malignant invasion and widespread
metastasis. In addition to these lesions,
low-grade malignancies may be observed
in breast cancer, gastric cancer, and tu-
mors of the genitourinary tract. Thus,
borderline malignant lesions are a poten-
tial diagnostic problem for the
pathologist.

Premalignant lesions represent an ex-
traordinarily difficult area in cancer diag-
nosis. Ulcerative colitis and familial poly-
posis are premalignant lesions that require
careful scrutiny and considered therapeu-
tic judgment. The decision to commence
therapy must be made prior to develop-
ment of the cancer, but only when the po-
tential for cancer is maximum. ‘‘Prophy-
lactic” procedures, such as ileostomy,
may have a major impact on life style. Pro-
phylactic mastectomy, for example, may
be considered for patients with a high risk
of developing breast cancer. The proce-
dure is more feasible now than in the past
due to the availability of mammary recon-
struction and prosthesis.

The major “premalignant lesion” is a
history of prior malignancy; patients with
one type of cancer have an increased like-
lihood of developing a second malignancy
of unrelated or related types. For bilateral
organs, the presence of cancer in one
organ predicts the potential development
of malignancy in the contralateral organ.
This is true for breast cancer, renal cancer,
and retinoblastoma. For lung cancer pa-
tients, second primary malignancy is
common, for all 18 lobes of the lung are at
risk with exposure to the carcinogenic
stimulus of smoking. Second primary
cancers often represent a difficult diag-
nostic dilemma and may not be clinically
distinguishable from a solitary metastasis.
Thus, a patient with a history of breast
cancer who develops a pulmonary nodule
is equally likely to develop a new, pri-
mary lung cancer or a solitary pulmonary
metastasis. For diagnosis the issues of
disease-free interval, stage of the first
tumor, adequacy of therapy, and predis-
posing factors for the development of
a new primary cancer are all factors to be
considered in establishing whether the
lesion is primary or metastatic.

A major diagnostic problem in cancer
management is that of the tumor of un-
known origin (TUO). Therapeutic man-
agement of the TUO is rarely difficult, for
by definition the lesion is metastatic and
does not arise in the tissue from which a
diagnosis is made. The diagnostic impli-
cations, however, are substantial in that
the search for the primary tumor is often
arduous and may not have therapeutic
implications; in a major proportion of pa-
tients, the primary lesion may not be
found at all. In this context, an occult pri-
mary neoplastic lesion is presumably
microscopic in the presence of macro-
scopic metastatic deposits. Finally, a com-
mon diagnostic problem in cancer man-
agement is the inability to obtain a
histologic diagnosis. Most commonly this
difficulty arises because the morbidity
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of the diagnostic procedure is exorbitant
in relation to the value of the information
to be gained.

Patient D, a 48-year-old man, developed
shoulder pain and cough. A chest radio-
graph revealed a superior sulcus tumor
with erosion of the vertebral body at T2
Sputum cytology was unrevealing and the
patient received radiation therapy to the
right-upper lobe with rapid relief of pain.
Four weeks later a right-upper lobectomy
was performed, and an epidermoid carci-
noma was identified pathologically.

Antineoplastic therapy (radiation or che-
motherapy) may sometimes be employed
in the absence of tissue diagnosis.

Other examples of therapy without histo-
logic confirmation include mediastinal
mass lesions in children, which almost
always represent lymphoma; arterio-
graphically demonstrated brain tumors;
and pelvic pain syndromes developing in
patients with prior rectal cancers.

8.0 Therapeutic problems in cancer
management

Earlier in this chapter, therapeutic deci-
sion-making in cancer management was
discussed in relation to choices among
therapeutic modalities and to timing of
therapy. The complexity of the problem
increases when the adverse effects of ther-
apy are considered. Such adverse effects
as carcinogenicity, acutely and chroni-
cally compromised organ function, and
tumor resistance to secondary therapy are
all crucial issues, particularly in the ap-
plication of combined modality therapies.
The question of when to treat cancer,
previously discussed in the context of
advanced asymptomatic disease, can be
considered again in the context of sequen-

tial versus maximal “up-front” therapy.
Sequential therapy is treatment adminis-
tered as a single modality while holding

in reserve other known effective modali-
ties until resistance to the first modality is
determined. Then in sequence the next
effective modality is employed until it in
turn induces resistance. For example,
hormone therapy in breast cancer may be
introduced at the first evidence of metas-
tasis; after a response and subsequent
resistance, hormone ablation may be in-
troduced until, finally, chemotherapy

is used when the patient has developed
resistance to all hormonal maneuvers.
This therapeutic approach allows the pa-
tient to have a series of treatments of in-
creasing complexity and risk only in the
later stages of disease and permits long-
term control with minimal cost. Propo-
nents of the alternative approach, that is,
initial use of therapy that employs all
effective modalities simultaneously, sug-
gest that sequential therapy is, in effect,
palliation and acknowledgment of incura-
bility. The combined use of all effective
modalities simultaneously should maxi-
mize the impact on the tumor and mini-
mize the ability for growth of resisting
clones of tumor cells, thus achieving com-
plete clinical regression and the potential
for longer control and possible cure. The
resolution of these two divergent thera-
peutic approaches has not yet been
achieved in clinical or experimental
trials. It appears clear that sequential ther-
apy is less morbid, but that the potential
for long-term control and perhaps for cure
is limited and probably nonexistent.

If one presumes that combined modali-
ties are important in treatment, the next
question is how the modalities can be
effectively combined to maximize thera-
peutic benefit and minimize adverse ef-
fects. Preoperative therapy, particularly
preoperative radiation for rectal cancer
and head and neck cancers, is applied not
only to minimize dispersal of viable
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tumor cells at the time of surgery but also
to promote ease of operation and local
control. Preoperative chemotherapy is a
new concept applied primarily for local,
inoperable lesions or for lesions that
would require major disfiguring or muti-
lating surgery, such as amputation for
limb sarcoma. In the context of the modern
application of adjuvant therapy, an addi-
tional rationale for the use of preoperative
chemotherapy is to establish the effective-
ness of the adjuvant modality. For exam-
ple, the patient with breast cancer who is
committed to adjuvant therapy for one
year or more may be better able to tolerate
or endure the adverse effects of therapy
when the effectiveness of the drug treat-
ment has been established. The physician
administering therapy can also offer more
encouragement and sustain the drug treat-
ment if an antitumor effect has been ob-
served by objective measurements.

While considering the when and how of
therapy, it is also important to consider
the duration of therapy, particularly of
adjuvant or combined modality chemo-
therapy. The issue has not been resolved
because adjuvant chemotherapy has not
been definitively established as an impor-
tant and absolute treatment for any tumor.
Adjuvant chemotherapy, however, is
becoming increasingly popular, and the
duration of therapy is still a major ques-
tion. By and large, for cancers such as
acute leukemia or Hodgkin’s disease, a
finite period of treatment is established
(two years and six months, respectively),
during which time or at the completion
of which the tumor must be in complete
clinical remission. In patients with solid
tumors and regional disease that has been
surgically removed or irradiated, the du-
ration of adjuvant chemotherapy has gen-
erally been determined to be the maxi-
mum tolerated duration or that period of
time during which the maximum rate
of tumor reappearance is recognized. For
example, most recurrences of breast cancer

develop within the first two years follow-
ing primary therapy; thus adjuvant ther-
apy never exceeds two years and has been
more commonly set at one year. It must
be reemphasized, however, that the dura-
tion of treatment has at this point not
been definitively answered and the issue
of maintenance therapy is a major area
of controversy. Duration of therapy in pa-
tients with metastatic disease may be
determined by the degree of response and
patient tolerance. No evidence exists that
maintenance therapy for any tumor in-
creases the duration of response. There-
fore, treatment may be continued simply to
the maximal response.

As indicated previously, the therapeutic
problems of cancer management relate
to the potentially adverse effects of ther-
apy. Whether one is dealing with chemo-
therapy or radiation therapy, the systemic
and local adverse effects may be substan-
tial and must be balanced against the
potentially therapeutic effects. Adverse
sequelae can be separated into acute and
chronic effects. The former relate to the
action of the therapeutic modality on the
proliferating cells, for example, alopecia
and marrow suppression common with
chemotherapy. Chronic adverse effects, in
contrast, are a consequence of cumulative
visceral organ effects and host response.
For patients receiving radiation therapy, a
decrease in vascular supply related to
arteritis can lead to secondary fibrosis
within the organ. A major potential long-
term effect of chemotherapy and radiation
therapy is carcinogenesis. Although it
is clear that an increased likelihood of
second malignancy is greater with the
addition of chemotherapy. Carcinogenesis
has not been established for therapeutic
doses of radiation administered judi-
ciously. The application of chemotherapy
in conjunction with radiation, however,
may increase the likelihood of secondary
tumors. The long-term effects of chemo-
therapy have yet to be established, as
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chemotherapy has largely been employed
for patients who have had advanced dis-
ease and succumbed early and not for
those with early disease and a prolonged
prognosis.

9.0 Summary

Cancer treatment involves diagnostic and
therapeutic decision-making that bridges
many subspecialties of medicine. The
development of new diagnostic tech-
niques and improved therapeutic modali-
ties have altered our concepts of the man-
agement of malignancy in that the
palliation of secondary symptoms is often
achievable, and palliation may be trans-
lated into an improved quality of life as
well as prolonged survival.

Combined modality therapies for pa-
tients with primary or regional disease, for
whom the prognosis is limited or the
statistical likelihood of recurrence high, is
a major advance in cancer management.
The thrust of such therapy is the promo-
tion of cure or, at the very least, an altera-
tion of the natural course of the tumor.

In patients with advanced cancer, the
therapeutic goal is palliation rather than
cure, and the choice and timing of therapy
are complex{It is axiomatic that effective
treatment, that is, treatment that induces
tumor regression, never simply prolongs
life but is invariably associated with an
improved quality of life)
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1.0 Background

The superior vena cava (SVC) syndrome is
a unique clinical entity first described by
William Hunter in 1757. The syndrome
develops as a consequence of a pathologic
process within the mediastinum and is
considered an oncologic emergency be-
cause of the acute cerebral syndrome that
results from venous obstruction and in-
creased intracerebral pressure. If left un-
treated, venous obstruction in the upper
thoracic cavity can progress to stasis of
blood flow and eventually to intravascular
clotting with major secondary sequelae.
Obstruction of the superior vena cava is
almost invariably due to malignant dis-
ease. In previous reports, a summary of
274 cases of superior vena cava syndrome
indicated that 40 percent were secondary
to luetic aneurysms of the aorta or to tu-
berculous mediastinitis. These infectious
etiologies of SVC syndrome, however,
have been virtually eliminated, and the
predominant cause is carcinoma (Table
2.1). In cancer, the two most common
causes of SVC syndrome are bronchogenic

carcinoma, which accounts for three-
fourths of all cases, and lymphoma, in-

cluding Hodgkin’s disease and non-Hodg-
kin’s lymphoma. All tumors, primary

and metastatic, are capable of producing
the SVC syndrome, although it is reported
to be relatively infrequent with extrathor-
acic tumors. In fact, breast cancer has
been associated with only five reported
cases in spite of the relative proximity of
the breast to the mediastinum and the
prevalence of metastases to the internal
mammary nodes.

The SVC syndrome is almost invariably
due to a malignant disease and is most
commonly due to bronchogenic
carcinoma.

Benign causes of SVC syndrome, exclud-
ing infection, include the obscure diagno-
sis of ““fibrosing mediastinitis’ and the
relatively infrequent benign goiter, which
may impinge upon the superior vena
cava. Recently, the increased use of cathe-
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Table 2.1 Nonmalignant etiologies of the
SVC syndrome

Infectious Luetic aortitis
Tuberculous mediastinitis

Idiopathic Sclerosing (fibrosing)
mediastinitis

Vascular Catheter-, pacemaker-,
tubing-induced phlebitis

Traumatic Mediastinal hematoma

Degenerative Goiter

ters placed within the superior vena cava
either for monitoring cardiac or pulmo-
nary function or for the administration of
hyperalimentation solutions has resulted
in an occasional thrombosis secondary to
the foreign object.

The anatomic orientation of the superior
mediastinum and the relationship of the
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Fig. 2.1 Anterior (A) and lateral or sagittal
(B) schematic drawings of thoracic cage
and vascular structures within the me-
diastinum. The most common site of a

lymph nodes to the venous drainage pat-
tern of the chest, extremities, and neck
determine the clinical features of the syn-
drome (Fig. 2.1). The lymph nodes in

the mediastinum encase the superior vena
cava as it is formed from the confluence

of the right subclavian vein, the azygous
vein, and the left innominate vein. The
thin vena cava wall and the low intravas-
cular pressure within the venous system
allow for the vein to be compressed rela-
tively easily in contrast to arterial struc-
tures with the same anatomic distribution.
It is evident that the syndrome develops
more commonly with bronchogenic carci-
noma because of the direct lymphatic
drainage of the lung, and more specifically
with lesions in the right lung because of
the proximity of the right lung to the con-
fluence of veins. In bronchogenic carci-
noma, the SVC syndrome is more common
with right-sided bronchogenic lesions

by a ratio of four to one.
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mass lesion in the mediastinal area is in-
dicated by the shaded oval structure im-
pinging upon the superior vena cava.
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Impingement of local node tissue on the
vena cava leads to decreased flow rate
and subsequent stasis. Caval thrombosis
develops eventually and is established
in approximately one-third of patients
with SVC syndrome at postmortem exam-
ination. In addition, the tumor frequently
invades contiguous cardiac structures and
may form part of the wall of the vascular
structures within the mediastinum.

2.0 Clinical presentation of the SVC
syndrome

The SVC syndrome is represented by
symptoms and physical signs that may be
observed individually or collectively
(Table 2.2). The obstruction to venous
drainage results in secondarily increased
venous pressure and dilatation of collat-
eral veins at the upper part of the thorax
and neck. Secondarily, edema and ple-
thora of the face, neck, and upper part of
the torso develop. Depending upon the
site of obstruction above or below the
azygous vein, the edema may be confluent
or asymmetrical; commonly, edema of
one breast develops. The edema of the
upper torso may also result in suffusion
and edema of the conjunctiva with visual
disturbances and proptosis. Finally,
symptoms of central nervous dysfunction,

including headache, visual disturbances,
and progressive disorientation, and coma
may develop. Because of the localization
of the tumor in the mediastinum, concom-
itant obstruction to the trachea and esoph-
ageal function can be observed.

Patient A, a 59-year-old woman, had a
primary history of dysphagia over four
months, progressing to an inability to
handle salivary secretions. She denied
weight loss but did have an associated
cough and on examination had edema of
the neck with distended neck veins to
the angle of the jaw. Chest x-ray demon-
strated an enormous mass of the medias-
tinum with compression of the trachea
and esophagus (Fig. 2.2).

The SVC syndrome may develop with
other mediastinal syndromes (dysphagia,
dysphonia, dyspnea).

The chest x-ray may demonstrate a large
mass in the mediastinum, most often in
contiguity with the lung; but particularly
with metastatic lesions to the medias-
tinum, the mediastinal lesion may be quite
small and detectable only by tomography.

Patient B, a 45-year-old woman with
colon cancer documented five years pre-

Table 2.2 Frequency of signs and symptoms of the SVC syndrome

Physical signs
Venous distension (neck and thorax)
Facial edema
Thoracic or extremity edema*
Conjunctival edema

Symptoms
Cough
Dyspnea
Headache
Visual disturbance

75%
50%
40%
25%

20—-40%

30%
70-80%
20-40%

*Unilateral or bilateral.
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Fig. 2.2 Lateral radiograph of the chest
(Patient A) demonstrating large mediasti-
nal mass and tapered air column repre-
senting the trachea with obliteration of
the esophageal space.

viously, presented with headache and
dilated neck veins. Her chest x-ray dem-

onstrated a slight fullness of the left hilum.

Carcinoembryonic antigen was 50 ng/ml.
Tomograms demonstrated obstruction
at the left hilum, and the patient under-
went thoracotomy with rapid reversal

of the syndrome.

Occasionally the SVC syndrome may be
so severe as to suggest Cushing’s syn-
drome. The plethora of the upper torso
and the edema, in particular, can create a
physiognomy characteristic of Cushing’s
syndrome.

3.0 Diagnostic evaluation in the SVC
syndrome

The SVC syndrome is rapidly controllable

by appropriate therapy. It also represents
a clinical diagnosis that need not be con-
firmed by complex radiographic proce-
dures that are associated with significant
complications. Such procedures are de-
signed to establish the site of obstruction,
which is in fact already defined by the
clinical picture. For example, venography
outlines the venous channels in the tho-
racic inlet and mediastinum, and obstruc-
tion can be accentuated.

Patient C, a 49-year-old man, presented
with cough, headache, and typical clinical
features of the SVC syndrome. Venog-
raphy via the left arm veins demonstrated
the site of obstruction (Fig. 2.3). After

the procedure, the patient had an acute
exacerbation of headache and cough, and
he developed secondary thrombosis of
the basilic veins of the arm.

Static blood flow in the dilated venous
channels results in delayed flow of the
radio-opaque dye and a secondary scle-
rosing effect on the vein wall. Therapeutic
nitrogen mustard can, in a similar man-

Fig. 2.3 Radiograph demonstrating re-
tarded flow of contrast material into the
right ventricle at the site of the conjunction
of the left innominate and right subcla-
vian veins.
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ner, cause a local sclerosis in the veins. In
addition to exhibiting local phlebitis
secondary to trauma and the introduction
of an irritant, the venous channel may
bleed excessively when the needle is
withdrawn.

The SVC syndrome is a clinical diagnosis
and does not necessitate radiographic
procedures for confirmation or for estab-
lishing the obstruction site.

In addition to venography, radionuclear
flow studies can demonstrate the site of
obstruction as well as the rate of flow by a
quantitative measure. Again, such studies
are unnecessary, and simple manometric
measurements based on clinical apprecia-
tion of the venous pressure in relation to
the heart level are available without com-
promising the patient.

Venous access in the upper extremities
must be avoided, including venipuncture
and contrast radiographic studies.

Although the diagnosis of the SVC syn-
drome is determined on clinical grounds,
the histologic diagnosis is not always
easily established because of the lack of
accessible tumor to biopsy. In fact, the
SVC syndrome is almost always due to a
malignant disease and should not abso-
lutely require histologic diagnosis for
confirmation before initiation of treatment.
The tumor is commonly confined to the
upper mediastinum, and obtaining a his-
tologic diagnosis may be hazardous.

Patient D, a 35-year-old woman, presented
with a typical SVC syndrome. In an at-
tempt to establish a histologic diagnosis,
an exploration of the supraclavicular
area was undertaken to obtain lymph
nodes. The tissue was edematous, and

profuse bleeding ensued upon incision.
The bleeding remained uncontrolled for a
protracted period during which the pa-
tient lost eight units of blood. No lymph
nodes were available for analysis.

In addition to the adverse effects and po-
tential complications associated with
local biopsy procedures, standard and
routine manipulations by esophagoscopy
or bronchoscopy can also be associated
with catastrophic events.

Patient E, a 62-year-old man, presented
with dysphagia and stridor as well as
distended neck veins and edema of the
upper chest. A chest x-ray demonstrated a
typical mass lesion in the parahilar area;
an attempt at further evaluation by com-
bined bronchoscopy and esophagoscopy
was undertaken. During the procedures
no tumor was visible. Within one hour
after completion of the procedures, how-
ever, the patient developed increasing
respiratory distress and died suddenly.

Diagnostic manipulations can accentuate
edema in the bronchial tree and as a con-
sequence lead to respiratory compromise.
Air flow through the bronchus is related

to the fourth power of the radius; therefore,
relatively small changes in the caliber of
the respiratory tract result in large changes
in air flow.

Surgical manipulations in the neck,
thorax, and bronchial and esophageal
passages are contraindicated.

Because the primary therapy for a local
complication is radiation, one can con-
sider therapy without a histologic diagno-
sis, particularly when the clinical picture
is classic.

Patient F, a 14-year-old boy, presented
with stridor, headache, and dilated neck
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veins and was found to have an enormous
mass of the mediastinum that impinged
upon both right and left lung fields. The
patient was immediately given corticoste-
roids, and radiation therapy was initi-
ated. Rapid resolution of the mass was
achieved, and a histologic diagnosis was
obtained three months later at biopsy

of an axillary node.

Radiation therapy to control acute symp-
toms may sufficiently alleviate local
edema and venous obstruction after a
relatively low dose to allow biopsy and
further treatment. Alternatively, biopsy of
common extrathoracic sources of metasta-
ses such as the bone marrow or the liver
may be helpful.

Patient G, a 52-year-old male smoker,
presented with cough and suffusion of the
head. Chest x-ray demonstrated a large
mediastinal mass, and radiation therapy
was initiated promptly. Subsequent me-
diastinoscopy was considered, but liver
scan demonstrated a mass lesion, and
needle aspiration revealed undifferen-
tiated small cell carcinoma (Fig. 2.4).

Fig. 2.4 Under ultrasonic guidance (A) a
large defect in the deep inferior margin of
the liver is identified. Employing ultra-
sound as a guide for depth, needle aspira-

In children and young adults the SVC
syndrome is invariably due to lymphoma,
and vigorous attempts at a diagnosis are
avoided. In adults the type of tumor-caus-
ing SVC syndrome has a broader range,
but the therapeutic philosophy should be
the same.

Primary treatment for the SVC syndrome
is radiation therapy even without a histo-
logic diagnosis.

Occasionally the clinical picture can be
obscured or confused by an atypical clini-
cal presentation or by the absence of ab-
normal findings on chest x-ray.

Patient H, an 83-year-old woman, was
diagnosed by node biopsy two years prior
to presentation as having Hodgkin’s dis-
ease. She was treated with radiation ther-
apy to the mantle followed by a.booster
dose of radiation to the axilla. At the time
of secondary presentation, the patient
had swelling of the right arm with dilated
veins but without palpable nodes in the
axilla or neck. Venogram demonstrated

tion of the mass lesion yielded Class V
cytology characteristic for oat cell carci-
noma (B).
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obstruction at the level of the brachial and
subclavian venous access channel. Re-
view of prior radiation portals revealed

that she had received 7000 rad to one ov-
erlap area precisely at the site of
obstruction.

The primary dictum in the diagnosis of
the SVC syndrome is that the syndrome is
always presumed to be due to malignant
disease and does not absolutely require a
histologic diagnosis for confirmation, nor
is it necessary to establish the site of ob-
struction by radiographic procedures.

4.0 Therapeutic management of the SVC
syndrome

The primary therapy for SVC syndrome is
radiation because of the local or regional
distribution of the lesion and the respon-
siveness of mediastinal tumors to radiation
therapy. The radiotherapeutic techniques
of fractionation, field size, and maximum
dose are conditioned, at least in part,

by the extent of disease as well as by the
type of tumor. Bronchogenic carcinoma
and lymphoma are the two primary tumors
most often associated with the SVC
syndrome.

Patient I, a 36-year-old woman and
chronic smoker, presented with cough,
headache, and distended neck veins.

A chest radiograph demonstrated a large
left-upper lobe mass lesion in continuity
with the mediastinum. Histologic confir-
mation of an epidermoid carcinoma re-
sulted in radiation therapy to the medias-
tinum and left upper lobe to a dose of
6000 rad.

The field of radiation should be restricted
but not the dose if bronchogenic carci-
noma is the most likely diagnosis.

Patient ], a 28-year-old man, presented
with a large mediastinal mass and the
typical signs and symptoms of the SVC
syndrome. A left axillary node revealed
non-Hodgkin’s lymphoma, and the pa-
tient received mantle radiation including
all node-bearing areas in the chest to
4000 rad.

Radiation should include the mantle field
if lymphoma is the most likely diagnosis.

The dose fractionation is often variable,
and in some instances high-dose intermit-
tent therapy of 400 to 1000 rad may be
employed. Normally, however, the stan-
dard 150 to 300 rad daily dose is adminis-
tered. The total cumulative dose is related
to tumor type, and for primary tumors

of the lung therapeutic doses are used to
minimize the likelihood of recurrence.
The therapeutic dose is somewhat lower
for lymphoproliferative diseases.

The radiation field size and dose are
conditioned by the diagnosis of the tumor
type. A second consideration is the extent
and radioresponsiveness of the tumor. For
patients with radioresistant tumors and
extensive intrathoracic as well as extra-
thoracic disease, local radiation at re-
stricted doses and field size is employed
as the initial therapeutic modality

Patient K, a 65-year-old woman with met-
astatic spindle cell sarcoma to the me-
diastinum, presented with unilateral
breast edema, cough, and headache. The
patient was treated with a small field of
radiation to the mediastinum alone and
had partial relief of obstruction. She sur-
vived an additional 12 months with inter-
mittent exacerbation of the syndrome.

Chemotherapy has been advocated as
an ancillary modality in conjunction with
radiation therapy for the management of
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the SVC syndrome in both lymphoma and
bronchogenic carcinoma. Tumor reduc-
tion through the use of nitrogen mustard
alone or in conjunction with radiation
therapy may decrease the likelihood of
local edema, according to proponents of
the combined modality approach, but
neither experimental nor clinical data in-
dicate that the combined modality ap-
proach is superior to radiation therapy
alone. On the other hand, in exquisitely
responsive tumors, chemotherapy as a
primary therapeutic modality may be ef-
fective and might preclude the need for
radiation.

Patient L, a 19-year-old man, presented
with a mediastinal mass and clinical
components of the SVC syndrome. Histo-
logic examination of the tissue revealed a
typical histiocytic lymphoma. In addition
to headache, the patient demonstrated
retinal changes compatible with the SVC
syndrome and was treated with a combi-
nation of cyclophosphamide, Adriamy-
cin, vincristine (Oncovin), and predni-
sone, with rapid resolution of the
symptoms (Fig. 2.5).

Fig. 2.5 Chest radiographs demonstrating
massive mediastinal adenopathy with
hilar extension on the left into the left lung
field (A). Following one course of chemo-

Patient M, a 62-year-old woman, had
primary breast cancer treated with local
radiation therapy. She presented one year
later with a large lung mass, a lesion in
the mediastinum, headache, cough, and
dilated jugular veins. Because of the pre-
vious radiation therapy to the medias-
tinum, chemotherapy was employed using
a five-drug regimen with rapid resolution
of radiographic signs and physical symp-
toms (Fig. 2.6).

Patient N, a 54-year-old chronic smoker,
presented with enlarging cervical lymph
nodes and persistent cough. Dilated neck
veins without edema were observed, and
the patient received four radiation treat-
ments to the general area of the upper
mediastinum and neck. Subsequent bi-
opsy on the fifth day of radiation revealed
small cell carcinoma, and the patient
was treated with a multiple-drug regimen.
The clinical syndrome and radiographic
evidence of tumor resolved rapidly (Fig.
2.7).

Thus, chemotherapy plays a primary role
in the SVC syndrome, which is resistant

therapy, rapid and complete regression
of all evidence of mediastinal mass lesions
was observed (B).
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Fig. 2.6 Chest radiograph demonstrating
massive mediastinal Iesion extending
into the right lung field in addition to
pleural implants along the peripheral lung
margin (A). Within two months major

to radiation therapy. Chemotherapy is

also useful for patients who have received
maximum radiation therapy or who have
drug-responsive tumors, such as the ana-
plastic tumors, sarcomas, lymphomas, and
breast cancer.

Ancillary modalities of therapy (diuretics,
anticoagulants, and corticosteroids) are
of no proven effectiveness. Chemotherapy
is a primary modality for responsive
tumors such as lymphomas.

Surgery for the SVC syndrome should
be reserved for localized resistant tumors
in the absence of the full clinical picture.
Surgical mortality and the incidence of
hemorrhage are high. The approach gen-
erally employs bypass grafts of the ob-
struction, radical surgical excision, and
venectomy. Surgery can be considered the
treatment of choice for the singular but
rare circumstance in which sclerosing
fibrosis of the mediastinum with second-

regression of all evidence of pulmonary
tumor had regressed, and the differential
breast size reflected radiation to the left
breast (B).

ary vascular thrombosis is the primary
cause of the syndrome. In this instance
bypass graft is a preferable approach.

Surgical intervention is indicated as a
secondary procedure only following
resistance to other local and systemic
modalities.

Ancillary medical measures have been
advocated in the management of SVC
syndrome, including anticoagulation, fi-
brinolytic agents, diuretic therapy, and
corticosteroids. None of these agents has
been singularly successful without defini-
tive local treatment with radiation ther-
apy. Nonetheless, corticosteroids are used
routinely to obviate the theoretical induc-
tion of radiation edema and an augmenta-
tion of the clinical syndrome during early
therapy. The presence of edema of the
upper torso, including periorbital edema,
has often prompted the use of diuretic
therapy with some decrease in edema, but
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Fig. 2.7 Chest radiograph (Patient N) dem-
onstrated enlarged mediastinal mass

with compression of the air column and
separate hilar lesion (A). Within three

it is a temporary measure at most. The
use of anticoagulants and fibrinolytic
agents is based on the common presence
of thrombosis of the venous system that
may be observed at postmortem examina-
tion. In one series, fibrinolytic agents
appeared to increase the effectiveness of
local radiation therapy.

5.0 Summary

The SVC syndrome represents an acute
oncologic emergency and is rarely chronic
and relatively asymptomatic. Major pit-
falls in the management of the SVC syn-
drome are an overexuberant and zealous
approach to establishing the obstruction
site by diagnostic venography and other
contrast procedures, and the surgical
pursuit of a histologic diagnosis. The SVC
syndrome is invariably due to malignant
disease, and routine radiographic proce-

weeks of chemotherapy and radiation
total dissolution of the central tumor was
evident (B).

dures generally demonstrate the obstruc-
tion. Nonetheless, even in the absence
of an obvious site of obstruction, medias-
tinal radiation can be employed, if one
presumes the etiology to be either bron-
chogenic carcinoma or lymphoma, the
two most common etiologies. Early clini-
cal recognition should prompt immediate
therapeutic intervention for this oncologic
emergency, and additional chemother-
apy, surgery, and ancillary medical mea-
sures should be applied only when resis-
tance to radiation therapy is established.
Depending upon the primary tumor
source, the extent of tumor (metastases),
and the responsiveness of the tumor to
radiation and/or chemotherapy, the SVC
syndrome is not necessarily irreversible. In
fact, 10 to 20 percent of patients with the
syndrome may survive longer than two
years, justifying aggressive therapeutic
approaches.
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1.0 Background

Clinical cardiac complications of malig-
nancy are relatively uncommon, although
at autopsy heart metastases develop in

10 percent of patients with malignant
neoplasms. With some tumor types, car-
diac metastases may be present in over 60
percent of patients at postmortem exami-
nation. The most common tumors involv-
ing the heart are bronchogenic carcinoma
by direct contiguous involvement and
breast cancer by hematogenous dissemi-
nation (Table 3.1). Only 10 percent of
patients with neoplasms to the heart de-
velop clinical cardiac dysfunction. Almost

85 percent of the patients with neoplastic
cardiac involvement have involvement

of the pericardium with or without inva-
sion into the myocardium; therefore, the
predominant clinical manifestation of
cardiac metastases is the development of a
malignant pericardial effusion.

Within the spectrum of cardiac compli-
cations and manifestations of malignant
disease, rhythm disorders and conduction
abnormalities predominate and may de-
velop with or without congestive heart
failure but are almost always associated
with pericardial tumor implants (Table
3.2). The most critical cardiac complica-
tion of malignant disease is malignant

Table 3.1 Relative frequency and incidence of tumors

metastatic to the heart

Relative

frequency Incidence
Bronchogenic carcinoma 20-35% 10%
Breast cancer 15-35% 10%
Lymphoma and leukemia 10-15% >60%
Malignant melanoma 10-15% >60%

Other tumors <5%
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Table 3.2 Cardiac complications and
manifestations in malignant disease

Malignant pericardial effusion

Dysrhythmia with or without congestive
heart failure

Marantic endocarditis
Coronary artery disease*
Cardiomyopathy*

Secondary mural thrombus and
embolism

Congestive heart failure

*Secondary to therapy

pericardial effusion with cardiac tampon-
ade. Another cardiac manifestation of
malignancy is marantic endocarditis,
which is rarely diagnosed premortem.
More recently the relationship of coronary
artery disease and cardiomyopathies to
cancer therapy have been recognized. The
clinical manifestations of cardiac metasta-
ses vary from inconsequential arrhyth-
mias, such as sinus tachycardia, to
congestive heart failure. Chest pain can
develop (1) as a consequence of pericardial
involvement, with pericarditis secondary
to either tumor implantation or inflamma-
tory response to radiation, or (2) second-
ary to accelerated coronary arteriosclero-
sis. Right-heart failure is the usual clinical
manifestation of cardiac tamponade sec-
ondary to decreased venous return and
low-output state. Left-heart failure is the
usual clinical manifestation of cardiomy-
opathy with associated increased pulmo-
nary pressure and congestion.

2.0 Diagnosis of cardiac metastases

The most prevalent clinical manifestation
of cardiac metastases is the development
of arrhythmias. The type of arrhythmia
may vary from ectopic atrial or ventricular

beats to persistent and resistant tachycar-
dia of sinus, atrial, nodal, or ventricular
origin. Although these arrhythmias are
often treated with such standard cardi-
otropic drugs as procainamide or quini-
dine, they are notoriously resistant to
therapy, and the clinical resistance may
be a clue to the etiology of the arrhythmia.
The arrhythmia may occur either as a
consequence of contiguous pericardial
tumor or secondary to hematogenous
metastases to the cardiac musculature or
conduction system. Endomyocardial me-
tastases are extremely rare.

The majority of the arrhythmic patterns
are inconsequential and rarely result in
significant morbidity or mortality. .

The development of an acute cardiac
arrhythmia in patients with neoplastic
disease often signals metastases to the
heart.

Malignent pericardial effusion is the
most important cardiac complication
of metastasis. Because of the insidious
clinical evolution of effusion, recognition
of the life-threatening potential of cardiac
tamponade is crucial. The two mecha-
nisms that may result in the production of
pericardial effusion are (1) tumor implan-
tation on the serosal surface with second-
ary exudation of fluid directly from the
tumor, or (2) obstruction to the lymphatic
flow emanating from the cardiac muscula-
ture as a consequence of mediastinal or
hilar neoplastic infiltration with transuda-
tion of fluid within the pericardial sac.
Experimental studies have demonstrated
that lymph flow in the heart proceeds
from the endocardium to the epicardial
surface and, therefore, pericardial effusion
represents an accumulation of fluid exud-
ing from the visceral pericardium. Ob-
struction of the mediastinal lymphatic
system draining the heart alone is inade-
quate to produce pericardial effusion
in the experimental model and requires
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the additional maneuver of ligation of the
coronary sinus and the anterior coronary
veins. The clinical implication of these
data is that mediastinal obstruction with
tumor does not produce pericardial effu-
sion in the absence of concomitant neo-
plastic infiltration of the epicardium and
obstruction of the local lymphatic drain-
age. Furthermore, transthoracic biopsy of
the parietal pericardium will generally
be inadequate for obtaining tissue, as the
neoplastic process must involve the vis-
ceral pericardium to generate the second-
ary clinical effusion.

The diagnostic evaluation of cardiac
function in patients with suspected peri-
cardial effusion is supplemented by a
number of noninvasive imaging proce-
dures and does not necessarily require
cardiac catheterization for confirmation
(Table 3.3). The physical examination
is the first clue to the presence of pericar-
dial effusion: the classical signs of jugular
venous distention and distant heart
sounds, and pulsus paradoxicus with or
without a pericardial friction rub of two or
three components, should prompt addi-
tional diagnostic procedures. Actually, it
is extremely unusual for the physical
examination to reveal the classical signs

Table 3.3 Diagnostic evaluation of
cardiac function and structure in
suspected pericardial effusion

Physical examination

Routine chest radiography and
fluoroscopy

Radionuclide scans (including heart;
blood pool; combined liver, lung, and
heart; and intrapericardial)

Cardiac catheterization

Echocardiography and
electrocardiography

Pericardiocentesis

in the absence of acute tamponade, and
even under those circumstances the phys-
ical signs of malignant effusion may be
atypical.

The typical clinical signs of pericardial
effusion in the absence of acute tampon-
ade are detected by physical examination
in a relatively small proportion of
patients.

The first clue to the presence of malignant
pericardial effusion is often the standard
radiograph (Fig. 3.1), which demonstrates
a bottle-shaped heart. The heart may be
enlarged with or without mediastinal
hilar disease, although in patients with
bronchogenic carcinoma the primary
lesion is commonly identified. In patients
with chronic lung disease in whom pri-
mary bronchogenic carcinoma is likely to
develop, a normal heart size may reflect
cardiomegaly because the heart size in
patients with chronic lung disease is often
relatively diminished. The decrease in
cardiac size is related to the expanded
chest cavity. An enlarged cardiac border

Fig. 3.1 Standard radiograph demonstrat-
ing globular bottle-shaped heart. Black
line indicates normal heart configuration.
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can be confirmed by fluoroscopy, which
can demonstrate a poor apical pulsation
reflecting encasement of the heart with
fluid. Radionuclide scanning of the blood
pool is useful in demonstrating pericar-
dial effusion as well, particularly in delin-
eating an expanded space between the
heart and the lungs or liver (Fig. 3.2). Other
applications of radionuclide scans in-
clude direct cardiac scanning, particularly
useful in evaluating myocardial injury,
and scanning the pericardial space by
injection of the radionuclide at the time of
pericardiocentesis (Fig. 3.3). The latter
technique, however, does not provide
important diagnostic or therapeutic infor-
mation. The electrocardiogram demon-
strates diminished voltage; the echocar-
diogram precisely delineates the posterior
heart border as distinguished from the
fluid-filled sac and pericardium. The
echocardiogram, which is performed at
the bedside, is rarely normal in the pres-
ence of significant effusion and may be
used to quantitate the amount of fluid

Fig. 3.2 Blood pool scan with simultane-
ous scan of liver demonstrates a large
area between the cardiac blood pool (C)
and the liver (H) indicated by the arrow.
The space between the cardiac pool and
the lungs (L) also reflects pericardial
effusion.

Fig. 3.3 Instillation of technesium (**™Tc)
at the time of pericardial fluid aspiration
demonstrates an outline of the pericardial
space with distribution throughout the
pericardial cavity.

present. With manipulation of the patient,
ultrasound evaluation may establish the
presence of loculation of the fluid. Cardiac
catheterization and the use of angio-
graphic dye is rarely necessary except for
distinguishing constrictive pericarditis
and cardiomyopathy from pericardial
effusion.

The concomitant presence of pleural
effusion may obscure diagnosis of pericar-
dial effusion by the noninvasive tech-
niques described because of the radio-
graphic obscurity of the cardiac border. In
addition, noninvasive diagnostic methods
merely delineate the expansion of a car-
diac border and do not distinguish peri-
cardial fluid from thickening of the peri-
cardial sac secondary to tumor infiltration
or fibrosis.

Cardiac enlargement in patients with
malignancy dictates sonographic evalua-
tion for the presence of pericardial fluid.
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Therefore, when pericardial effusion is
the suspected diagnosis, a pericardiocen-
tesis is mandatory. Removal of the fluid
allows for cytologic analysis, and the
simultaneous injection of air after the fluid
has been extracted may delineate the
tumor implant along the pericardial border
(Fig. 3.4)

Pericardiocentesis is an essential diag-
nostic as well as therapeutic procedure in
malignant pericardial effusion.

Patient A, a 64-year-old woman with met-
astatic malignant melanoma, developed
anterior chest pain and on physical ex-
amination was found to have a three-
component pericardial friction rub with-
out evidence of a paradoxical pulse or
cardiomegaly. Within 24 hours the patient
developed acute hypotension and a peri-
cardial effusion was identified. Cytologic
examination of the fluid demonstrated
malignant tumor cells (Fig. 3.5).

Fig. 3.4 Chest radiograph following re-
moval of pericardial fluid and instillation
of 50 cc of air. Note the thickened border
of the pericardium reflecting tumor
infiltration.

Table 3.4 Differential diagnosis of the
clinical syndrome of pericardial effusion

Intrapericardial hematoma
Myxedema
Constrictive pericarditis

Cardiomyopathy

The differential diagnosis of pericardial
effusion in patients with pericardial dis-
ease is relatively concise (Table 3.4). In-
trapericardial hematoma may develop as a
consequence of cardiac rupture in pa-
tients with myocardial infarction. Myx-
edema with development of a gelatinous
fluid in the pericardial sac and a clinical
picture of cardiomyopathy has been re-
ported, particularly in patients who have
been treated with radiation to the thyroid
for Hodgkin'’s disease. Constrictive peri-
carditis may develop from radiation to the
thoracic structures or in association with
prior tuberculosis. It is most important

to distinguish the cardiomyopathies from
pericardial effusion, since these condi-
tions are increasingly frequent due to the
common use of anthracycline antibiotics
as cytotoxic chemotherapeutic agents.

Fig. 3.5 Cytologic preparation of cells
obtained from aspiration of pericardial
space in a patient with disseminated
malignant melanoma and clinical signs
of cardiac tamponade.
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Additional methods of evaluation for
cardiomyopathy include endomyocardial
biopsy and cardiac scanning. Biopsy of
the endomyocardium may be accom-
plished with transvenous introduction of
a specially designed catheter, which di-
rectly samples the endomyocardium of
the right ventricle. Specific and character-
istic pathologic changes are observed in
patients receiving a cardiotoxic dose of
Adriamycin. In addition, cardiac scanning
has been employed to detect cardiomyop-
athy, but the scan is rarely positive in
the absence of congestive heart failure.

Patient B, a 32-year-old woman with met-
astatic breast cancer to the pleural and
pericardial surfaces, developed acute
congestive heart failure after having re-
ceived a maximum cumulative dose of
Adriamycin of 880 mg/M?(normal maxi-
mum accumulated dose 450 mg/M?). En-
domyocardial biopsy (Fig. 3.6) confirmed
the presence of severe cardiomyopathy,
and cardiac scanning was characteristic
for an active myocardial process (Fig. 3.7).

Echocardiography has been employed
in patients with Adriamycin-associated

Fig. 3.6 Electron micrograph of an endom-
yocardial biopsy demonstrating dilata-
tion of the sarcoplasmic reticulum (SR)
and lysis of the myofibrils (*). A myeloid
body (arrow) is representative of degener-
ating cellular organelles.

cardiomyopathy to determine the systolic
ejection time and the ratio of the presys-
tolic ejection period to the left ventricular
ejection time. The usefulness of these
procedures is limited because of the in-
herent variability in the test procedures
and the lack of specificity and sensitivity
for predicting cardiac toxicity.

3.0 Therapeutic management of
malignant pericardial effusion

The therapeutic approach to malignant
pericardial effusion (MPE) is contingent
on early diagnosis and the need for thera-
peutic intervention to allay symptoms.
The development of acute symptoms

of cardiac failure and a low-output state
necessitate prompt intervention. In the
absence of these critical manifestations of
pericardial effusion, however, chest pain
or exertional dyspnea may be managed
conservatively. In occasional patients the
diagnostic pericardiocentesis may pro-
vide sufficient therapy without recrudesc-
ence or reaccumulation of the fluid.

Patient C, a 55-year-old woman with
metastatic breast cancer, presented with
acute onset of pericardial effusion and

a typical clinical syndrome. She under-
went pericardiocentesis at the bedside;
cytologic analysis revealed typical Class
V malignant cells. The patient subse-
quently developed metastatic lesions to
the bones and was treated with hormonal
management. She never developed a
recurrence of the pericardial effusion up
to the time of her death, 18 months after
the initial demonstration of metastases in
the pericardium.

Malignant pericardial effusion may be
effectively treated for an extended period
by a solitary pericardiocentesis.
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Fig. 3.7 Scintophoto of the anterior thorax
demonstrating diffuse myocardial uptake
of technesium *"Tc-methylene diphos-

In addition, pericardial effusion associated
with few or no symptoms may persist
chronically for months without compro-
mising the patient.

Patient D, a 49-year-old man with meta-
static adenocarcinoma of the lung, had
progressive dyspnea. Routine evaluation
demonstrated a small pericardial effu-
sion. Needle aspiration of the fluid re-
vealed tumor cells, but no specific therapy
was employed for the 50-cc effusion. The
patient survived an additional six months
without cardiac-associated symptomatol-

ogy (Fig. 3.8).

Patient E, a 64-year-old man with gastric
cancer, developed a pleural effusion ap-
proximately one year following surgery.
Cytologic evaluation of the cells showed

phonate and showing diagrammatic
outline.

them to be consistent with gastric tumor.
Because of the concomitant identification
of an enlarged cardiac border, the patient
had a pericardiocentesis, which demon-
strated tumor cells similar to those in the
pleural effusion. No specific therapy was
administered and the patient survived an
additional eight months without cardiac
debility.

The basic therapy for malignant peri-
cardial effusion is local regional and the
objective is palliation (Table 3.5). Radia-
tion therapy may be employed for patients
with radioresponsive tumors, such as
breast cancer.

Patient F, a 19-year-old woman, had a
clear cell carcinoma of the vagina second-
ary to fetal diethylstilbestrol exposure
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Fig. 3.8 Chest radiograph (Patient D) dem-
onstrating multiple pulmonary lesions

in the pulmonary parenchyma and ex-
tending into the left-upper lobe. Following
chemotherapy he had regression of the
tumor lesions, and the pericardial effusion
never recurred.

and developed a large pelvic mass that re-
sponded to radiation therapy. Approxi-
mately 12 months later she presented
with a malignant pericardial effusion
confirmed by pericardiocentesis. The ef-
fusion was intermittent, and local radia-
tion therapy provided adequate palliation

Table 3.5 Therapy for malignant
pericardial effusion

Pericardiocentesis

Drainage procedure
Pericardium to pleural space
Pericardium to peritoneal space

Pericardiectomy (partial)
Talc poudrage
Radiation therapy

Chemotherapy
Intracavitary
Systemic

for three months before the patient suc-
cumbed to disseminated disease.

In patients with radioresistant tumors or
patients who have received radiation
therapy previously and for whom the risk
of additional radiation to the medias-
tinum would be significant, a surgical
procedure is the treatment of choice.

The therapy for pericardial effusion is
pericardiostomy if the tumor is radiore-
sistant or prior radiotherapy precludes
further irradiation.

A thoracotomy can be performed to create
a “window” in the parietal pericardium
to drain fluid into either the pleural space
or the abdominal space through a cathe-
ter. Because of the tendency for small
windows to close over through fibrosis or
contiguous tumor growth, a partial peri-
cardectomy involving removal of the
pericardium overlying the left ventricle
may be necessary. Rarely, surgical intro-
duction of talc to the epicardiac surface
may be successful in inducing a vigorous
inflammatory response and sealing the
potential pericardial space.

Patient G, a 49-year-old woman with acute
myelogenous leukemia, was treated with
a chemotherapeutic regimen. On the 10th
day following initiation of treatment she
developed fever, and chest x-ray demon-
strated pericardial effusion. Pericardi-
ocentesis revealed a bloody pleural effu-
sion and the systemic circulation platelet
count was less than 10,000 cells/mm?, The
pericardial fluid reaccumulated within
hours, and a thoracotomy provided drain-
age of fluid into the abdominal cavity
without further compromise of cardiac
function.

Patient H, a 29-year-old man with Hodg-
kin’s disease, received mantle radiation
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for Stage IIA disease (mediastinum and
cervical nodes). Eighteen months later he
developed symptomatic cardiac disease
characterized by dypsnea and an enlarged
cardiac shadow. At thoracotomy, exten-
sive fibrosis of the pericardium was pres-
ent without evidence of disease, and a
partial left ventricular pericardiectomy
was performed.

Chemotherapy in malignant pericardial
effusion has arelatively minor role as a
therapeutic modality with the exception
that in chemotherapy-responsive tumors,
such as lymphoma and the hematologic
malignancies, chemotherapy may have
fewer locally adverse effects and may
therefore be superior to radiation.

Patient I, a 45-year-old woman, developed
cervical and mediastinal lymphadenopa-

Fig. 3.9 Chest radiographs (Patient I) dem-
onstrating regression of pleural and peri-
cardial effusion as well as mediastinal

thy. Chest x-ray revealed a large pericar-
dial effusion in addition to enlarged me-
diastinal and hilar lymph nodes, and a
left pleural effusion. A node biopsy re-
vealed non-Hodgkin’s lymphoma and the
patient underwent combination chemo-
therapy with rapid regression of the pul-
monary symptoms (Fig. 3.9). The chest
tumor never recurred throughout the
course of her disease over the next two
years.

In addition to lymphoma, other chemo-
therapy-responsive tumors include breast
and ovarian cancers, testicular and oat
cell cancers, and leukemia. In patients
previously treated with radiation or those
who are not surgical candidates, intracav-
itary chemotherapy may be employed,
although the experience shows that this is
more limited than intracavitary therapy

and hilar adenopathy following combina-
tion chemotherapy for non-Hodgkin’s
lymphoma.
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for pleural or peritoneal effusions. Only 5-
fluorouracil, gold (**®Au), and nitrogen
mustard have been employed as local
therapy for malignant pericardial
effusions.

Patient ], a 49-year-old man with bron-
chogenic carcinoma, developed an acute
pericardial effusion in association with
diffuse pulmonary metastases from epi-
dermoid cancer. He underwent a pericar-
diocentesis, at which time bloody fluid
was extracted, and 20 mg of nitrogen
mustard was instilled. Within 24 hours an
acute cardiac tamponade developed re-
quiring a second pericardiocentesis.
Thereafter no recrudescence of fluid
occurred.

Frequently with intracavitary therapy,
secondary or reactive effusions may de-
velop, and precise cardiac monitoring

is essential. In addition, the local irritant
effect may result in acute atrial and ven-
tricular arrhythmias. Therefore, intracavi-
tary chemotherapy is not recommended.
The primary role of chemotherapy is in
the treatment of extracardiac sites of
disease.

4.0 Therapy-induced cardiac injury

Cardiac injury as a consequence of either
radiation therapy or chemotherapy isa
well-recognized complication of antitu-
mor treatment. Radiation therapy in par-
ticular routinely affects local tissues by the
induction of an obliterative vasculitis
with secondary fibrosis and an early acute
inflammatory reaction. Radiation-induced
pericarditis and myocarditis can be seen
routinely in most patients but is rarely of
clinical importance. The radiation toler-
ance level for the heart is 3500 to 4000R
beyond which a pericarditis can develop,
and therapeutic radiation generally does
not exceed these dosages. The increasing

use of combined modality therapy, em-
ploying radiation-sensitizing drugs in
association with radiation, may potentiate
or promote adverse radiation effects on
normal tissues.

In addition to radiation-induced peri-
carditis, premature arteriosclerosis of
the coronary arteries and sudden death
can occur in young patients with Hodg-
kin’s disease. In these patients the pre-
sumption has been that the radiation in-
duces an accelerated atherogenesis, the
mechanism for which has not been clearly
established.

Chemotherapeutic agents associated
with cardiomyopathy include particularly
the anthracycline antibiotics, Adriamycin
and daunomycin. Cyclophosphamide
and 5-fluorouracil have also been associ-
ated with carditis, but relatively infre-
quently, and cyclophosphamide has been
implicated only at doses employed pri-
marily for bone marrow transplantation.
For the anthracycline antibiotics, cardio-
myopathy appears to be dose related and
rarely develops at doses less than 550 mg/
M2, Occasionally in patients receiving
radiation, cyclophosphamide, or DTIC, the
dose at which cardiomyopathy develops
may be lower, but the minimal dose at
which cardiomyopathy has been observed
is 300 mg/M?. Approximately 30 percent
of patients receiving doses beyond 550
mg% develop acute congestive heart fail-
ure secondary to cardiomyopathy; ap-
proximately 10 percent of these cases are
fatal. The therapeutic approach to drug-
induced cardiomyopathy is discontinua-
tion of the anthracycline and introduction
of digitalis glycosides. In some instances
Adriamycin administered at a slower dose
rate may permit an increase in the maxi-
mum cumulative dose to over 1 gm/M?2.
The most important therapeutic principle
in drug-induced cardiac injuries, how-
ever, is precise monitoring and elimina-
tion of the drug at a predetermined drug
dose.
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5.0 Summary

Cardiac complications of malignancy are
uncommon, but with the development

of sophisticated chemotherapeutic agents
and the combined use of chemotherapy
and radiation, the development of thera-
peutic complications is increasing. The
predominant cardiac complication of
malignancy is the malignant pericardial
effusion, and therapeutic management
must establish diagnosis early in order to
prevent acute cardiac tamponade. The
basic rule of therapeutic management is to
employ surgical methods for drainage in
radioresistant tumors, and to employ ra-
diation in patients with responsive tumors
if the symptoms are not acute or life-
threatening. Chemotherapy has a rela-
tively minor role in the overall manage-
ment of MPE but may be important in
patients developing resistant local com-
plications and in patients with chemo-
therapy-responsive tumors.
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1.0 Background from any primary source. Although un-
common, primary tumors of the ovary,
Metastasis to the central nervous system prostate, bladder, and colon can cause
(CNS) is a common complication of can- brain metastases even in the absence of
cer. The incidence of brain metastases metastasis to the lungs.
appears to be increasing as the longevity
of patients with primary and metastatic Patient A, a 48-year-old woman, had an
cancer is prolonged with improved sys- endometrioid carcinoma of the ovary
temic therapies. The increasing frequency removed in 1970. In 1971 she developed
of secondary brain lesions in rare and metastases to the cervical lymph nodes.
common cancers may be because the brain  The patient was treated with an alkylating
is a pharmacologic sanctuary from che- drug, and one year later presented with
motherapeutic agents; therefore, although  focal weakness of the left side and blurred
systemic tumors may be controlled with vision. A lesion in the right posterior
drug therapy, lesions within the central hemisphere was demonstrated with stan-
nervous system are exempt from the drugs’ dard brain scan; angiogram revealed a
effects. Because of the physiologic inabil- solitary mass. At the time of presentation
ity of most drugs to enter the central ner- with the CNS lesion, there was no evi-
vous system, prophylactic radiation has dence of pelvic recurrence or pulmonary

achieved conspicuous success in the man- metastasis. Radiation therapy resulted
agement of some tumors with a tendency in rapid resolution of the lesion (Fig. 4.1).
to CNS infiltration, such as oat cell carci-
noma of the lung.

Metastases to the brain can develop Metastatic lesions in the central nervous
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Fig. 4.1 Technesium brain scan demon-
strating a solitary lesion in the right hemi-
sphere (A). Following whole-brain radia-

system do not require the concomitant
presence of pulmonary lesions.

CNS metastases are seen in up to 10
percent of cancer patients at postmortem.
In collected series, primary tumors of
the lung and breast are most commonly
associated with cerebral metastases (Table
4.1). Less common tumors, such as mela-
noma and renal cell cancer, have a rela-
tively high incidence of CNS metastases,
and neither are the rare tumors exempt
from cerebral invasion.

Tumors metastatic to the central ner-
vous system can be classified on the basis
of anatomic distribution (Table 4.2). Intra-
cranial metastases are the most common
and result in major clinical symptoms
relatively early (see also Chapter 5). Cra-
nial nerve lesions derive from a variety
of mechanisms directly and indirectly
related to the tumor. The hematologic ma-
lignancies, including leukemia and lym-
phoma, invade the central nervous system
by leptomeningeal infiltration rather than
by forming mass lesions. Leptomeningeal
CNS involvement is most common with
lymphomas and leukemia, but breast
cancer, lung cancer, and melanoma all

tion therapy the lesion resolved
completely (B).

may implant on the meningeal surfaces
without causing intracerebral mass
lesions.

The prognosis for patients with CNS
lesions is related in part to the site of the
neurologic metastases. For example, sur-
vival of patients with leptomeningeal
lesions can be measured in weeks, while
patients with solitary lesions of the sub-
dural type may survive much longer with
appropriate therapeutic management.
The primary tumor source and the extra-
CNS extent of disease also affect prognosis
(Table 4.3). In addition, median survival
has been correlated with the anatomic
as well as pathologic characteristics of the
tumor. The median survival of patients
with CNS metastases is comparable to the
median survival of patients with the same
stage of tumor but without CNS metastases
for, at least, some tumors. The longer
survival for patients with breast tumors,
for example, is related to the greater re-
sponsiveness of that tumor to a variety of
therapeutic modalities.

Solitary cerebral metastases rarely
occur, so that by and large survival data
refer to patients with multiple lesions.
Isolated or solitary metastases are associ-
ated with improved survival, particularly
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Table 4.1 Relative frequency of CNS metastases by primary

tumor
Relative
incidence Frequency
of CNS of CNS
Primary tumor metastases metastases
Lung 25%
Epidermoid 10% 10%
Adenocarcinoma 3% 10%
Undifferentiated 10% 40%
Breast 20% 15%
Melanoma 5—-10% 15%
Kidney 5-10% 10%
Gastrointestinal tract 5—10% <5%
Stomach
Colon
Accessory organs
(liver, pancreas)
Head and neck <5% <5%
Genitourinary tract <5% <5%
Prostate
Bladder
Ovary
Testicle
Sarcoma <5% 5-10%
Hematologic tumors 20% 25-50%
Leukemia
Lymphoma
Total 100%

if the time interval from primary tumor
discovery and treatment (disease-free in-
terval) is long and if the extra-CNS metas-
tases are minimal.

More than 75 percent of patients with
CNS metastases have multiple rather than
single lesions.

2.0 Diagnostic Procedures

The diagnostic approach to CNS syn-
dromes associated with malignancy has

become increasingly sophisticated with

the development of improved nuclear
scanning techniques and computed axial
tomography (CAT). Such techniques aid

in the detection of CNS lesions and may be
important in distinguishing tumors from
vascular accidents or congenital from
acquired vascular malformations, and fur-
ther aid in quantifying the size and num-
ber of lesions within the cerebral paren-
chyma. Because patients often present
with disorientation and confusion, the
initial clinical and laboratory evaluation
should exclude metabolic encephalopathy
related to electrolyte imbalance and he-
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Table 4.2 Anatomic classification of CNS
metastatic lesions

A. Intracranial metastases
1. Intracerebral
2. Subdural

B. Spinal metastases
1. Epidural
2. Intramedullary

C. Cranial nerve lesions
1. Retinal lesions
2. Intramedullary lesions of brain
stem
3. Extradural compression (direct)
4. Nerve compression secondary to
increased intracranial pressure

D. Leptomeningeal metastases

patic or renal failure prior to evaluation
with expensive and potentially morbid in-
vasive procedures. Conditions that mimic
CNS metastasis are diverse, and prelimi-
nary screening for such diseases is essen-
tial (Table 4.4).

Six diagnostic procedures may be em-
ployed to evaluate CNS lesions, but
echoencephalography and electroence-
phalography have only minor diagnostic
benefit (Table 4.5). The threshold for de-
tection of brain lesions with these methods

isrelatively high, and encephalographic
interpretations are not specific; nor are
they qualitative or quantitative. Arteriog-
raphy by way of the carotid artery is now
largely replaced by the CAT scan, which
has been complemented by the recent
availability of emission computed tomo-
grams (ECAT) in addition to transmission
computed tomograms (TCAT). The brain
scan employing technetium radionuclides
is a standard screening procedure with
the highest detection rate for its simplicity
and economic costs. The superiority of
CAT scanning over standard scanning
relates to the area of the posterior fossa
that is often obscured in standard brain
scanning. The CAT scan is useful as a more
specific quantitative tool than standard
brain scanning, and sequential examina-
tions may provide diagnostic information
as well as a means of monitoring the effec-
tiveness of treatment.

Patient B, a 69-year-old woman with dis-
seminated endometrial cancer to the
liver and lung, presented with a one-day
history of falling down, an acute onset

of right-side hemiplegia, and right-facial
paralysis. Diagnostic evaluation included
a brain scan, which demonstrated focal
lesions of the right frontal and left parietal
areas. The TCAT scan was normal, but
ECAT scans on day one and day eight

Table 4.3 Comparative survival with advanced stage
disease related to primary tumor type with and without CNS

metastases

Median survival (months)

With CNS Without CNS

Tumor type metastases metastases
Lung 4-6 6-12
Breast 8-14 8-36
Melanoma 4 4-6
Leukemia <12 12-24
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Table 4.4 Non-CNS causes of cerebral syndromes for patients with malignancy

Systemic sepsis

Diabetes mellitus with acidosis or
nonketotic hyperosmolarity

Pulmonary insufficiency with respiratory
acidosis or anoxia

Hepatic precoma with alkalosis
Renal failure with metabolic acidosis

Electrolyte imbalance
Hypokalemia

Hypercalcemia

Hyponatremia (e.g., syndrome of
inappropriate antidiuretic
hormone)

Drugs

Narcotics

Chemotherapeutic agents (e.g.,
mithramycin)

Antibiotics (e.g., amphotericin)

Psychotropic drugs

demonstrated an expansion effect sug-
gesting a vascular lesion. The ECAT thus
made the distinction between a vascular
stroke with localized hemorrhage and
tumor (Fig. 4.2).

Computed tomographic techniques may
be complementary to standard scans and
radiographs in defining an intracerebral
process.

Patient C, a 55-year-old woman with
known chronic arteriosclerosis, had been
treated intermittently for metastatic

breast cancer over the previous year. She
presented with a short history of progres-
sive disorientation and withdrawal. Stan-
dard brain scan demonstrated two lesions
thought to be metastatic deposits. CAT
scan by the transmission technique, how-
ever, demonstrated that both lesions were
centrally necrotic and represented old
vascular infarcts.

Computed scanning techniques comple-
ment standard radionuclide scanning but
should not be employed alone.

Table 4.5 Diagnostic procedures in the evaluation of CNS syndromes

Procedure Application Complication
Echoencephalography Nonspecific None
Electroencephalography Nonspecific None
Carotid arteriography Quantitative Increased edema
“Standard” Tc%™ scan Qualitative None
Computed axial tomography Qualitative None
and
quantitative
Emission (ECAT)
Transmission (TCAT)
Lumbar puncture Meningeal Cerebellar herniation

carcinomatosis
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B

Fig. 4.2 Sequential ECAT scans at seven- of the radionuclide uptake in both the
day intervals demonstrating an expansion right and left hemisphere (A and B).
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Lumbar puncture is an important proce-
dure in the evaluation of potential CNS
lesions and should be performed to rule
out secondary infection for the majority of
patients with CNS lesions or syndromes.
It is also important to identify leptomen-
ingeal neoplastic disease, which is treated
differently from mass lesions within the
cerebral parenchyma. Lumbar puncture
may be performed with complete safety in
the absence of increased intracranial pres-
sure. In the presence of papilledema,
lumbar puncture should be undertaken
only after administration of corticosteroids
to decrease intracerebral edema. Further-
more, a small-gauge needle (not larger
than 26-gauge) should be used, and only a
small amount of fluid should be with-
drawn. With such guidelines the develop-
ment of “‘coning” or cerebellar herniation
following lumbar puncture should be
essentially nil. Cerebral spinal fluid ob-
tained from lumbar puncture should be
replaced with Elliot’s B solution and in
anticipation of the possibility of lepto-
meningeal tumor, the local instillation of
methotrexate at a standard dosage of 12
mg should be available.

In the presence of a known or suspected
CNS lesion, lumbar puncture must be
preceded by brain scan evaluation and
prophylactic corticosteroids.

The diagnostic procedures employed in
the evaluation of CNS lesions are in-
tended not only to detect but also to eval-
uate and quantitate the CNS lesions. For
these reasons the use of computed tomog-
raphy is important; the procedure allows
for the delineation of the number and size
of the lesions as well as the extent of sec-
ondary cerebral edema. In addition, infor-
mation about the secondary enlargement

of the ventricular system may be obtained.

3.0 General principles of therapy

The therapy for CNS metastases can in-
volve neurosurgery, radiotherapy, chemo-
therapy, or all three modalities. The ratio-
nale for employing one or another is based
on a number of host as well as tumor fac-
tors (Table 4.6). The therapeutic determi-
nants can be separated into local and
systemic features of the tumor. The local
features include the size, number of le-
sions (solitary vs. multiple), site of lesions
(dominant vs. nondominant hemisphere),
and the depth of the lesion. Such factors
aid in determining whether a local neuro-
surgical approach would be indicated.
For lesions that are solitary, small, super-
ficial, and in the nondominant hemi-
sphere, surgery is associated with minimal
morbidity and contributes substantially
to longevity.

Systemic, extra-CNS clinical features
reflect the aggressiveness of the tumor
and, by and large, determine whether or

Table 4.6 Clinical and tumor-specific
features that determine therapy for CNS
metastases

Local features of the tumor
Size
Number of lesions
Site of lesion

Depth of lesion

Systemic features of the tumor

Biologic activity as measured by growth
rate

Disease-free interval
Quantitative extent of tumor

Responsiveness to therapy
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not surgery should be employed. Biologic
tumor activity can be determined by the
growth rate, which is ascertained either by
the doubling times of pulmonary nodules
or by the disease-free interval (the time
from the diagnosis of the primary tumor
to the development of cerebral metastases).
Survival of patients with tumors for
which the disease-free interval is less than
12 months generally does not increase
with surgery, even in the presence of soli-
tary lesions. The quantitative extent of
tumor and distribution within more than
one organ, such as lungs, bone or liver,
similarly provides an estimate of the ag-
gressiveness of the tumor. Finally, the
singular systemic feature of crucial im-
portance in determining local therapy

is the responsiveness of that tumor to non-
surgical treatments, including chemother-
apy and radiation therapy. For example,
tumors that are exquisitely responsive to
radiation therapy may be treated in the
central nervous system with radiation
even when the lesion is solitary, superfi-
cial, and surgically accessible.

Neurosurgery. Neurosurgical ap-
proaches to CNS metastases include pal-
liative decompression for increased intra-
cranial pressure resistant to osmotherapy,
definitive tumor extirpation for solitary
lesions, and cerebral spinal fluid shunt for
obstructive lesions, especially of the pos-
terior fossa. Neurosurgical excision of
CNS lesions is reserved almost exclusively
for solitary lesions in accessible sites (i.e.,
superficial, slowly growing tumors in
the nondominant hemisphere that cause
minimal systemic burden to the host).

Patient D, a 30-year-old woman, devel-
oped acute focal seizures; brain scan
demonstrated a left parietal lobe lesion.
At the time of presentation, the patient
had a mass that had been present for two
years in her right leg and had multiple

pulmonary lesions evident on chest x-ray.
Tumor biopsy revealed an alveolar soft
tissue sarcoma; arteriography demon-
strated the CNS lesion to be solitary and
peripheral but impinging on the dominant
hemisphere. In spite of disseminated
tumor and the presence of the lesion in
the dominant hemisphere, the patient
underwent neurosurgical extirpation of
the lesion because of the long growth
period of the tumor and the insensitivity
of the tumor to radiation and other forms

of treatment. The patient survived over the
next two years without recurrence of CNS
symptomatology and in spite of extensive
pulmonary metastases (Fig. 4.3).

Neurosurgery is thus reserved for meta-
static tumors that are generally resistant to
other forms of treatment. Included in

this category are renal cell tumors, the
sarcomas, and malignant melanoma. CNS
lesions are rarely discovered prior to the
clinical detection of a primary lesion, and

Fig. 4.3 Chest radiograph demonstrating
multiple pulmonary metastases (Patient
D) who survived brain metastases and
progressive pulmonary metastases over
two years.
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rarer still is a mass lesion in the central
nervous system that may be unrelated to
the primary systemic cancer. In either
case neurosurgery is an appropriate diag-
nostic and therapeutic procedure.

Patient E, a 55-year-old woman, had pri-
mary breast cancer (Stage I) three years
previous to admission. She presented
with a four-week history of progressive
vertigo and tingling of the right hand.

A brain scan demonstrated two lesions,
one in the left parietal lobe and a second
deep in the right parietal lobe. No other
evidence of metastasis was established.
The patient underwent neurosurgery in
spite of multiple lesions, as the diagnosis
was unclear. At operation a single menin-
gioma was discovered. The second lesion
was not palpable and was presumed to
be an artifact.

Neurosurgery for CNS lesions is indicated
in superficial and solitary lesions resis-
tant to other forms of treatment (renal
cancer, melanoma, sarcoma).

Radiation Therapy. Radiation is the
most important treatment for intracerebral

Fig. 4.4 Technesium brain scan demon-
strating solitary parietal lobe metastasis

metastases because solitary lesions con-
ducive to neurosurgery are uncommon,
and chemotherapy is generally ineffective.
Radiation therapy induces symptomatic
relief for more than 50 percent of patients
and is most effective for those tumors

that are radioresponsive (i.e., ovarian and
breast cancers).

Patient F, a 45-year-old woman, presented
with progressive headache and disorien-
tation. She had had a carcinoma of the
breast removed two years previously.
Physical examination revealed papille-
dema, and the patient was initiated on
corticosteroids with rapid relief of her
headache. A brain scan demonstrated a
solitary parietal lobe lesion and the pa-
tient received radiation therapy to a dose
of 3000 rad, whole brain, and a cone
down to a boost of 1000 rad (Fig. 4.4). The
patient remained alive and well for 12
months, during which time there was no
exacerbation or recurrence of the brain
lesion.

In spite of the solitary lesion, the thera-
peutic approach for this patient involved
radiation therapy because of the exquisite
sensitivity of the tumor to radiation.

(Patient F) (A) which receded in follow-up
scan following radiation therapy (B).
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Radiation therapy is the treatment of
choice for patients with multiple or deep
lesions and in those with radioresponsive
tumors.

Principles of radiation therapy for CNS
lesions are outlined in Table 4.7. Uni-
formly, patients are pretreated with corti-
costeroids to obviate the development
of cerebral edema in response to radiation.
In some reported series the combined
application of radiation and corticoste-
roids has yielded increased survival over
radiation therapy alone. Dose-fraction
schemes are quite variable and are condi-
tioned primarily by the habit of the radia-
tion therapist. Single-dose radiation ther-
apy has been employed to increase tumor
cell kill, but the superiority of single-dose
over dose-fraction schemes over short or
protracted periods has not been estab-
lished. Because of the frequency of multi-
ple lesions in spite of clinical detection
of only single sites, whole-brain radiation
is commonly used for treatment with a
cone down to the site of symptomatic
metastases.

Chemotherapy. The use of chemother-
apy for metastatic cancer in the central

Table 4.7 Principles of radiation therapy
of CNS lesions

nervous system has not been encouraging,
possibly because of the inability of most
drugs to cross the blood-brain barrier.

A number of agents have, however, been
recently developed that have lipid solu-
bility and therefore the potential for pas-
sage across the blood-brain barrier. These
drugs have demonstrated activity pre-
dominantly in primary rather than meta-
static brain tumors (Table 4.8). The podo-
phyllotoxins are experimental drugs, but
the nitrosoureas, particulary the intrave-
nous preparation BCNU (carmustine) and
the oral capsule CCNU (lomustine) are
commercially available. Both nitrosoureas
have been employed with limited success
in metastatic tumors. The limited success

is related to the relatively restricted spec-
trum of tumors against which these drugs
have specific activity.

Table 4.8 Chemotherapeutic agents for
the treatment of CNS metastases

1. Pretreatment with corticosteroids

2. Dose-fraction schemes
Low dose (<150rad/d) over
protracted period
Moderate dose (200—400rad/d) over
5to 10 days
High dose (600—1000rad) in a single
dose

3. Field at risk (whole brain) with cone
down to lesion

4. Maximum whole brain dose of 4500rad

Systemic administration

Active drugs with known access to the
central nervous system
Nitrosoureas
Podophyllotoxins

Variably active drugs, unknown transport
to the central nervous system
Mithramycin
Vincristine

Inactive drugs, no known transport to
the central nervous system
Methotrexate
5-Fluorouracil
Cyclophosphamide
Unevaluated drugs

Intrathecal administration
Methotrexate
Cytosine arabinoside
Thiotepa
Mitomycin C
Cyclophosphamide
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Some drugs, including mithramycin
and vincristine, have been known to cause
secondary effects in the central nervous
system and have therefore been used to
treat CNS metastases. Because of the lim-
ited activity of these agents, their effect
on CNS metastases has been only minimal.
At least three drugs are definitely inactive
in spite of their systemic activity, because
of the lack of transport across the blood-
brain barrier (methotrexate, 5-fluorouracil,
and cyclophosphamide).

Intrathecal administration of drugs is
generally reserved for leptomeningeal
carcinomatosis, and may be administered
by frequent lumbar puncture or by an
Ommaya reservoir into the intraventricu-
lar system to bathe the cerebral lesion.
The drugs most commonly introduced by
the intrathecal route are methotrexate,
cytosine arabinoside, and thiotepa. Al-
though these drugs are effective against
CNS lymphomas and leukemias, their ac-
tivity in CNS solid tumors has been
marginal.

4.0 The use of corticosteroids and
osmotherapy

Corticosteroids are a major asset in inter-
rupting the acute clinical effects of CNS
metastases. Corticosteroid therapy will
produce relief of neurologic symptoms in
60 to 75 percent of patients with CNS
metastases. Response to corticosteroid
therapy is often a good prognostic indica-
tor, and although not definitively estab-
lished, it is also a possible gauge of the
therapeutic benefit to be expected from ra-
diation. The mechanism of the corticoste-
roid effect has been attributed to a reduc-
tion in cerebral edema related to secondary
alterations in blood flow. In general, the
immediate value of corticosteroids is most
evident in patients with severe or over-
whelming neurologic symptoms.

Clinical response to corticosteroids is
possibly predictive of the patient’s re-
sponse to radiation therapy.

The use of corticosteroids should be
precisely regulated to preclude the pro-
found secondary effects that can occur
with prolonged steroid use. In addition,
prophylactic use of steroids in conjunction
with radiation therapy should be carefully
monitored to taper corticosteroids early
and thereby preclude the development of
adverse secondary effects. In patients
with life-threatening CNS effects, the
standard approach has been to introduce
dexamethasone in dosages up to 16 mg
per day, in divided doses. This is done
despite the fact that dexamethasone has a
long half-life. Some evidence indicates
that increasing the dose beyond this level
may be effective when a patient becomes
resistant at 16 mg, and occasionally as
much as 64 mg has been employed to con-
trol CNS symptoms. In general, corticoste-
roids are used as a protective mechanism
and should be withdrawn or at least ta-
pered as soon as the local therapy has been
introduced. A schematic approach to the
tapering of steroids following the initial
introduction is illustrated in Fig. 4.5. The
plan involves a dose decrease of 50 per-
cent at seven-day intervals following
introduction of steroids so that by week
seven only maintenance corticosteroids
are employed. Antacids should be used in
conjunction with steroid therapy, particu-
larly because of the potential complication
of Cushing’s ulcers of the stomach and
steroid ulcers.

Osmotherapy is the use of dehydrating
agents to interrupt cerebral edema. These
drugs produce dramatic results in patients
developing acute cerebral herniation.
Mannitol is administered intravenously
while the urinary output is monitored
precisely, because the osmotic diuretic ef-
fect may result in peripheral as well as
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Fig. 4.5 Dexamethasone (Decadron) is
administered at a dosage of 16 mg distrib-
uted throughout the day, one day prior

to surgery or initiation of radiation ther-

cerebral dehydration. More recently, glyc-
erol has been used because it can be ad-
ministered orally and it produces a modi-
fied diuresis with less likelihood of
electrolyte imbalance. Many complica-
tions have been associated wtih glycerol
therapy, including neurologic rebound,
nausea and vomiting, and hyperosmolality
with coma, but precise monitoring will
prevent these complications. Modulation
and combination of osmotherapeutic
drugs can minimize the adverse effects of
one or another of the agents; for example,
the dose of corticosteroids can be reduced
to levels unassociated with side effects.

5.0 General clinical features of CNS
lesions

The clinical syndromes associated with
CNS metastases may be separated into
three basic categories (Table 4.9). Each
symptom may occur alone or in combina-
tion with another. Confusion or disorien-
tation is observed as a solitary manifesta-

apy. Subsequently, at seven-day intervals
a 25 percent decrement dose is achieved
so that by day 35 corticosteriod may be
withdrawn completely with impunity.

tion or a primary complaint of the patient
or family in 30 percent of cases; it is dem-
onstrated, however, by detailed examina-
tion of cognitive function in an additional
40 percent of patients. The headache syn-
drome predominates in 25 percent of
patients and is often characteristic in that
the headache appears upon awakening

in the morning and recedes within a short
time only to return on each subsequent
morning. The headache is often localized
to the apex of the scalp and is persistent
rather than throbbing in character. It may
be resistant or occasionally sensitive to
analgesic therapy. An additional 25 per-
cent of patients with CNS metastases

will have nonspecific headache of minor
importance. Almost 50 percent of all pa-
tients with CNS metastases develop a
focal neurologic syndrome. These patients
experience either seizure activity or focal
neurologic signs and symptoms such as
motor loss, sensory loss, or ataxia. On
examination, an additional 30 percent will
have focal motor weakness, so that neuro-
logic signs actually occur in as many as 75
percent of the patients examined.



54 Lokich

Table 4.9 Clinical features of CNS metastases

Solitary Combined
Confusion syndrome 30% 70%
Headache syndrome 25% 50%
Focal neurologic signs 45% 75%
Seizure activity 15%
Hemiparesis; sensory loss
or ataxia 30%
Total 100%

Three neurologic syndromes are charac-
teristic of CNS metastases: confusion,
headache, and focal neurologic signs.

One important aspect of the clinical
examination of patients with potential
CNS metastases is the demonstration of
papilledema. Papilledema may in fact
be observed in only 25 percent of patients
and may be subtle even in those patients.
The papilledema may be only unilateral,
and the absence of venous pulsations,
which has traditionally been the first sign
of increased intracranial pressure, is not
consistently observed. Furthermore, con-
fusing eyeground changes such as hyper-
tensive or diabetic retinopathy may
impede the identification of papilledema.

The clinically distinct syndromes asso-
ciated with cerebral metastases are largely
related to the pattern and anatomic site
of tumor implantation. Six categories
of CNS lesions can be identified on the
basis of anatomic distribution (Table 4.10).
Each of the six presents with a distinctive
clinical syndrome, and each requires
specific therapeutic management.

6.0 Lesions of the cerebral hemispheres

The cerebral hemispheres are the most
common sites of metastasis to the central

nervous system. A mass in the cerebral
hemisphere may be clinically manifested
as a nonspecific state of confusion or diso-
rientation without a localizing neurologic
component. Commonly associated with

a state of confusion are headache and
blurred vision secondary to increased in-
tracranial pressure and papilledema.

Patient G, a 64-year-old man, presented
with a solitary oat cell carcinoma in the
left lung, which was resected. Because of
the presence of mediastinal nodes, the
patient received postoperative radiation
therapy. Five months later he developed
nodules in the skin incision. During phys-
ical examination, he was extremely agita-
ted and had difficulty with time orienta-
tion. The family indicated that he was
extremely irritable at home and was inter-
mittently somnolent. A superficial screen-
ing for potential metabolic causes of en-
cephalopathy revealed a serum sodium of
127 mEq/liter with a disparity in the
serum and urine osmolalities suggesting
the syndrome of inappropriate antidi-
uretic hormone. In spite of this abnormal-
ity, which could account for a confused
state, the patient had a brain scan, which
demonstrated multiple cerebral metasta-
ses in the frontal and parietal lobes. Ste-
roid therapy and subsequent radiation
caused a resolution of the confused state
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Table 4.10 Potential distribution of
lesions within the central nervous system

Cerebral hemisphere
Frontal
Parietal
Temporal-occipital

Cranial nerves

Posterior fossa (cerebellum)
Brain stem

Retina

Leptomeninges

but his agitation and increased anxiety
persisted.

The patient demonstrated a relatively
small tumor burden, having had only cu-
taneous nodules within the incision.
Therefore, pursuing a diagnosis and ther-
apy for a CNS lesion was warranted. The
clinical confusion created by the syn-
drome of inappropriate antidiuretic hor-
mone, concomitant with a brain lesion, is
common in patients with oat cell
carcinoma.

A second syndrome associated with
cerebral lesions is motor seizures or pa-
resis, which is associated with lesions
along the motor strip in the frontal parietal
area. Seizures are almost never associated
with simple increased intracranial pres-
sure, so that the development of Jackson-
ian seizures and Todd’s postictal paralysis
are helpful in localizing lesions.

Seizures secondary to CNS metastases
may or may not be associated with in-
creased intracranial pressure.

Patient H, a 45-year-old woman, had a
primary resection for a Stage II carcinoma
of the lung. Eight months following sur-

gery, she developed a seizure that was
associated with an aura of dysethesia in
the left hand; subsequently Jacksonian
seizure activity that proceeded from the
left hand to the arm and shoulder, and
finally generalized seizure activity. A
brain scan demonstrated a solitary lesion
in the right hemisphere overlying the
motor cortex. There was no evidence of
systemic metastases but, because of the
short disease-free interval, the patient was
treated with a whole-brain radiation ther-
apy, and corticosteroids were adminis-
tered in the pattern previously described.
Five months after the initial episode the
patient remained well.

In the presence of seizure activity the
adjuvant use of dyphenyl hydantoin or
other anticonvulsant therapy is essential
with radiation therapy, but anticonvul-
sants should not be continued beyond the
time when tumor control is clearly estab-
lished unless seizure activity persists.

Patient I, a 64-year-old woman with meta-
static breast cancer to the bones, lungs
and liver, developed acute episodes of
“loss of reality contact” and dysphasia
for specific words. A brain scan demon-
strated at least four lesions and the patient
was placed on steroids and dyphenyl
hydantoin after which radiation therapy
was directed to the central nervous sys-
tem. Steroid withdrawal was accom-
plished by the completion of radiation, at
which time the patient developed a dif-
fuse drug rash. Seizure activity was sup-
pressed by the alternative, phenobarbital.

Sensory, temporal, and occipital lobe
seizures are unusual manifestations of
metastatic disease to the central nervous
system. More commonly, lesions in the
temporal or occipital lobes are found
incidentally on routine brain scanning in
patients with clinical indications of CNS
tumors at other sites.
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7.0 Lesions of the cranial nerves

Solitary cranial nerve palsies are uncom-
mon manifestiations of CNS metastases.

Of the several cranial nerve abnormalities,
oculomotor palsies occur most often.
Increased intracranial pressure may result
in a VIth nerve palsy of no localizing
value related to the length of the VIth nerve
in its transit from the brain stem through
the cranial vault to the ocular muscles,
making it more susceptible to compres-
sion. Thus, a VIth nerve palsy cannot pin-
point the site of metastasis; the lesion

may occur anywhere in the central ner-
vous system. Third nerve palsy is also a
common manifestation of CNS metastases;
the mechanism is generally related to
direct tumor compression of the brain stem
or along the path to the oculomotor mus-
cles. The VIth and IlIrd cranial nerves

are also those most commonly involved as
a consequence of metabolic disease (e.g.,
diabetes) or other nonneoplastic diseases

of the central nervous system.

Patient J, a 45-year-old woman with
known breast cancer and multiple bone
metastases, developed diplopia and de-
creasing visual acuity gradually over
seven days. She also had insulin-depen-
dent diabetes, which became increasingly
difficult to control with progression of
the tumor. Neurologic examination was
completely normal except for the right
IIIrd cranial nerve palsy. Brain scan and
EEG were essentially normal. The palsy
disappeared slowly over the ensuing four
months.

Another type of cranial nerve involve-
ment in patients with malignancy is direct
tumor invasion of the nerves from tumors
of the oral cavity. The tumor may spread to
the base of the skull or invade the retro-
molar triangle with secondary growth
along the cranial nerve pathway. Naso-
pharyngeal tumors commonly invade
locally into the cranial vault and may

Fig. 4.6 Radiograph of the base of the
skull demonstrating expansion of the fo-
ramen ovale.

cause secondary meningitis in addition to
cranial nerve involvement.

Patient K, a 62-year-old man, had a recur-
rent nasopharyngeal carcinoma treated
with local radiation over four years. He
presented in coma with fever and was
found to have a peripheral VIIth nerve
palsy bilaterally with extensive retropha-
ryngeal tumor extension. Tomography
demonstrated bone erosion at the skull
base (Fig. 4.6). Lumbar puncture revealed
a purulent cerebrospinal fluid that grew
pneumococcal pneumonia in culture.

Involvement of the VIIIth through XIIth
cranial nerves is distinctly unusual and
is generally related to a process in the
brain stem. Occasionally, extensive radia-
tion therapy of the oral cavity may result
in peripheral neuronal degeneration and
nerve paralysis.

8.0 Lesions of the retina

The retina is the Ist cranial nerve and is
distinct from the other 11 because it is
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available for direct visual inspection; thus,
visualization of tumor implants in a
neural structure is possible. In spite of the
complex vascular network that pervades
the retinal structures, however, it is dis-
tinctly uncommon for retinal lesions to
develop in patients with malignancy. The
most common tumor to metastasize to

the retina is breast cancer. Of the hemato-
logic malignancies, leukemia is by far

the most common to affect the retina. Pri-
mary tumors of the ophthalmic structures
are retinoblastoma and melanoma of the
choroid plexus. Neither of these primary
tumors will be considered in this
discussion.

Two distinctive lesions and pathophys-
iologic mechanisms are involved in leu-
kemic infiltration of the retina. The most
common clinical manifestation is a de-
crease in visual acuity related to hemor-
rhage, which develops following vascular
leukostasis within the arterial supply to
the retina.

Patient L, a 40-year-old man with diabetes
mellitus, had been treated for three years
with oral hypoglycemic agents. He noted
decreasing visual acuity over two months
and was evaluated for laser beam ther-
apy. Ophthalmic examination revealed

Fig. 4.7 Fundoscopic view (Patient L)
demonstrating multiple hemorrhages
without evidence of microaneurysm (A),

multiple areas of hemorrhage without
evidence of diabetic retinopathy or micro-
aneurysm formation (Fig. 4.7). A routine
complete blood count revealed a white
blood cell count of 370,000 cells/mm?3.
Further laboratory examination and cyto-
genetic analysis confirmed chronic my-
elogenous leukemia. The patient was
treated with radiation therapy to the retina
and systemic chemotherapy using busul-
fan; a gradual decrease in the peripheral
white blood count occurred over the next
three weeks. His visual acuity improved
moderately, from 20/400 to 20/200, but a
persistent abnormality in visual acuity
was documented at 10 weeks, when the
patient was in clinical remission from the
leukemia.

Leukostasis is a common phenomenon
in patients with leukemia with extremely
elevated white blood counts. In this pa-
tient with chronic myelogenous leukemia,
the treatment of the central nervous sys-
tem by whole-brain radiation or cranial-
spinal radiation, in addition to radiation
directed at the retina, is not indicated.

In contrast to the treatment for acute leu-
kemic ophthalmic infiltration, the inabil-
ity to correct visual acuity completely
with radiation is related to the slow pro-

which receded with leukemia-specific
therapy (B).
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cess of resorption of the secondary hemor-
rhage, which contributes in a major way
to decreased acuity.

Retinal lesions associated with leukemia
may be treated with local radiation and
systemic chemotherapy.

Acute leukemia, and particularly acute
lymphocytic leukemia in children, is
commonly associated with CNS invasion.
For this reason, prophylactic therapy is
routinely employed for patients entering
complete remission. Patients with lym-
phocytic leukemia who develop acute
ophthalmic lesions often have disease re-
currence in the bone marrow and central
nervous system. For these patients, both
systemic and local therapies are indicated.

Patient M, a 24-year-old man, presented
with a white blood count of 284,000 cells/
mm?, which were predominantly lympho-
blasts, and fever. Remission was promptly
induced with a standard chemotherapeu-
tic regimen, but relapse with multiple
cutaneous lesions occurred at four weeks.
In addition, a hypopyon and decreased
visual acuity developed. Multiple leu-
kemic infiltrates were noted on the retina
(Fig. 4.8). The patient was treated with

A

Fig. 4.8 Fundoscopic image (Patient M)
demonstrating multiple leukemic infil-
trates with associated hemorrhage and

local radiation to the whole brain and
retina as well as systemic chemotherapy.

Retinal lesions from hematogenous
metastases of solid tumors are uncommon.
The lesions are observed most commonly
in the peripheral margins of the retina and
appear as simple raised areas with central
umbilication and pallor surrounded by
erythema (Fig. 4.9). Because breast tumors
are radioresponsive, this is the treatment
of choice.

Other, less common lesions in the retina
may develop as a consequence of second-
ary or associated systemic diseases, such
as hypertension or diabetes, or in associa-
tion with secondary infection. In addi-
tion, coagulation abnormalities may result
in arterial or central vein thrombosis.
Abnormalities of the retinal vasculature
are also observed in patients with malig-
nant disease of the lymphoproliferative
system and dysproteinemias. Retinal le-
sions due to these diseases may be treated
by plasmaphoresis or leukophoresis.

9.0 Lesions of the posterior fossa and
brain stem

The posterior fossa includes the cerebel-
lum and the brain stem from the medulla

B

appearance of papilledema (A); improved
within five days of chemotherapy (B).
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Fig. 4.9 Fundoscopic view of bulging ret-
ina lateral inferior margin secondary

to metastatic tumor implant from breast
carcinoma.

to the thalamus. Malignant lesions in
these areas are distinctly uncommon, and
diagnosis of disease in this area is particu-
larly difficult. It is, for example, difficult to
evaluate brain scans of an area in which
vascular structures, including the draining
venous sinuses, abound. In addition,
computed tomographic evaluation must
use special techniques to focus on the
posterior fossa.

The clinical manifestations of posterior
fossa and brain stem lesions are often
subtle. Increased intracranial pressure
from obstruction of the foramina prevents
egress of fluid from the ventricular system
and leads to headache and ocular motor
palsies. Symptoms of specific cerebellar
dysfunction may develop as well. The
therapies are similar to those directed at
cerebral lesions.

Patient N, a 26-year-old woman, two
weeks postpartum, was discovered to have
a choriocarcinoma with extensive metas-
tasis to the lungs and liver. Systemic
chemotherapy was administered. Ten
days after initiation of treatment, she
complained of headache and nausea and
was bedridden. Neurologic examination
demonstrated nystagmus on right lateral
gaze and bilateral papilledema. CAT scan

revealed a lesion of the left hemisphere

of the cerebellum (Fig. 4.10). Intrathecal
methotrexate was administered as well as
radiation to the whole brain and left cere-
bellar hemisphere. The patient’s symp-
toms completely resolved, although the
lesion persisted on CAT scan four months
following therapy.

Ataxia and cerebellar dysfunction are
also common manifestations of posterior
fossa involvement. The cerebellar degen-
eration associated with malignancy and
the cerebellar abnormalities associated
with other diseases such as alcoholism
may be clinically confusing.

Patient O, a 59-year-old man, was a
chronic smoker and alcohol abuser. He
developed a pulmonary lesion which, on
biopsy, was found to be small cell carci-
noma of the lung. The patient received
local radiation therapy and was well for
eight months when he began falling to the
right. A standard brain scan was normal;
neurologic examination revealed subtle
cerebellar signs. A CAT scan demon-

Fig. 4.10 ECAT scan demonstrating a
lesion in the left hemisphere of the cere-
bellum (Patient N) secondary to metastatic
choriocarcinoma.
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strated a large left hemisphere lesion of
the cerebellum with involvement of the
vermis (Fig. 4.11). Radiation therapy re-
sulted in partial clearing of the symptoms.

Posterior fossa lesions are associated
with headache and clinical signs of cere-
bellar dysfunction.

Intramedullary tumor involvement is
unusual in the brain stem, but occurs par-
ticularly with carcinoma of the breast.
These rare lesions are important because
radiation therapy to the base of the brain is
extremely effective. Manifestations of
brain stem lesions are most commonly re-
flected in cranial nerve abnormalities,
such as parasthesias along the facial nerve,

Fig. 4.11 Three scan studies (Patient O)
demonstrating a left cerebellar lobe lesion

in the jaw, or periorally. Brain stem inva-
sion along the thalamus into the pituitary
may result in hormonal syndromes as
well.

10.0 Lesions of the leptomeninges

Carcinomatous meningitis, or metastasis
to the meninges, is an uncommon compli-
cation of the central nervous system. Al-
though most common in leukemia and
lymphoma, carcinomatous meningitis
does occur, although rarely, in patients
with lung cancer, breast cancer, and ma-
lignant melanoma. The prognosis is dis-
mal, with median survival measured in
weeks from time of diagnosis of meningeal
involvement.

by ECAT for which the standard brain
scan (B) and TCAT scan (C) were normal.
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Patients with leptomeningeal lesions
generally present with seizures and coma,
in contrast to patients with mass lesions,
who often manifest disorientation and
focal neurologic signs. Because of nerve
entrapment in carcinomatous meningitis,
cranial nerve abnormalities are also com-
mon. Leptomeningeal disease from solid
tumors develops by contiguous bone
involvement in the vertebral column and
does not respond effectively to therapy.

In contrast, leptomeningeal lesions from
leukemia implant hematogenously and
are exquisitely sensitve to therapy. Leu-
kemic meningeal disease is often occult or
subclinical and may be discovered only
by routine lumbar puncture in the course
of evaluation for treatment. The laboratory
evaluation of the cerebrospinal fluid often
reveals, in addition to the leukemic cells, a
decreased glucose content. This depletion
of cerebrospinal fluid glucose is related

to the high metabolic rate of the implanted
tumor cells. The cells themselves are
often difficult to distinguish from lym-
phocytes, but in cytocentrifuge and milli-
pore filter preparations the histologic
features of the cells can be observed.

Meningeal carcinoma is often manifested
by seizures and obtundation, and may
mimic infectious meningitis.

Patient P, a 42-year-old woman with
breast cancer diagnosed two months prior
to admission, was admitted with progres-
sive coma. She had no focal neurologic
signs, but on lumbar puncture was found
to have increased protein and decreased
glucose in the cerebrospinal fluid. Cyto-
centrifugal analysis revealed tumor cells
without an inflammatory component
(Fig. 4.12). The patient was treated with
intrathecal methotrexate followed by
radiation to the cranial-spinal axis. She

died two and one-half weeks following
initiation of treatment.

In spite of vigorous attempts at therapy,
including intrathecal drugs, the prognosis
for leptomeningeal invasion by tumor is
dismal. The recent development and gen-
eral application of the Ommaya reservoir
for continuous perfusion of the central
nervous system may be superior to in-
trathecal administration because with in-
creased intracranial pressure it is unlikely
that a lumbar puncture would allow a
drug access to the cerebral hemisphere.

11.0 Remote effects of cancer

In addition to the neurologic syndromes
associated with metastasis and impinge-
ment on central and peripheral neurologic
structures, remote neurologic effects
occur as a consequence of systemic cancer
that is not metastatic to the brain or spinal
cord. These effects (Table 4.11) are ex-
tremely rare, but they raise difficult diag-
nostic issues. Because the syndromes

are uncommonly reversible, even when
the tumor can be controlled, the mecha-
nism of the neurologic effects is not clear.
It is possible that remote neurologic ef-
fects are due to nutrituional losses as

Table 4.11 Neurologic effects in patients
with non-CNS metastasis

Central nervous system
Multifocal leukoencephalopathy
Subacute cerebellar degeneration
(polioencephalopathy)

Spinal cord syndromes
Amyotrophic lateral sclerosis

Neuropathy
Myopathy
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Fig. 4.12 Cytocentrifuge specimen from
cerebral spinal fluid (Patient P) demon-
strating large reticulum-like cells with

a consequence of cancer cachexia, but the
literature is controversial and at the very
least inconsistent.

The tumors most commonly associated
with remote neurologic effects are lung
and breast cancers. Although any tumor
may occur with distant neurologic mani-
festations, only oat cell carcinoma of the
lung has been reported to be associated
with the myasthenic syndrome.

Central nervous system lesions include
multifocal leukoencephalopathy (MFL)
and a polioencephalopathy or ganglion
dropout disease involving predominantly
the cerebellum or the brain stem. Multifo-
cal leukoencephalopathy has been associ-
ated with the papova virus and is clini-
cally manifested as a rapidly progressing
dementia with focal neurologic signs
but without seizures. Subacute cerebellar
degeneration has been associated with
Hodgkin’s disease and the lymphomas as
well as lung and ovarian cancers. This
syndrome also evolves very rapidly with
predominantly cerebellar signs. Amy-
otrophic lateral sclerosis (ALS) has been
associated with cancer and may be an
independent disease rather than a remote
effect of the tumor. Neuropathies associ-
ated with cancer vary from purely sensory
to the combined sensory-motor neuropa-

features of anaplastic malignancy (A-low
power, B—high power).

thies and are distinct from the myasthenia
typical of oat cell carcinoma. Myasthenia
is discussed in Chapter 19.

12.0 Summary

Metastatic lesions to the central nervous
system are common and are occurring
even more frequently as a result of ex-
tended survivals of patients with cancer.
Diagnosis of these lesions is becoming
increasingly sophisticated with the devel-
opment of computed tomography for
evaluation of the central nervous system.
Therapies have also proved increasingly
successful and can effectively reverse
CNS symptoms caused by tumors, such as
ovarian and breast cancers and the leuke-
mias and lymphomas, that are known

to be radioresponsive or sensitive to che-
motherapy. Malignant melanoma, lung
cancer, and sarcoma continue to be resis-
tant tumors, although radiation is effective
in a small proportion of patients with
CNS lesions. For the occasional patient
with a solitary metastasis, neurosurgery
should be considered, particularly in the
context of limited or slowly growing
disease.
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1.0 Background

Spinal cord compression is one of the
most devastating complications of cancer.
Palliation for this complication is of para-
mount importance, for survival is fre-
quently prolonged, and the paralytic ef-
fects of cord compression can be an
overwhelming ordeal for both the patient
and the family. Nursing care, physical
therapy, rehabilitation, and psychosocial
attention are all part of the expanded

health care needs of patients with residual

neurologic damage from spinal cord
compression. The two critical determi-
nants of successful palliation are early
clinical recognition of the syndrome and
maximum combined modality therapy
once the syndrome is diagnosed.

The most common tumors with which
spinal cord compression develops are
lung and breast cancers, because of the
high general incidence of these tumors.
Prostate cancer, renal cell carcinoma,

lymphoma, myeloma, and sarcoma are the

next most frequent tumors in sequence.
Spinal cord compression occurs as a com-
plication of the individual tumors, com-

monly, in multile myeloma (15 percent)
and prostate cancer (10 percent); for the
other common tumors the relative fre-
quency of spinal cord compression is.ap-
proximately 5 percent. Spinal cord
compression occasionally occurs as the
first manifestation of a primary tumor that
may be occult or not yet clinically
apparent.

Patient A, a 69-year-old man, presented
with spinal cord compression at T .. He
underwent laminectomy for undifferen-
tiated tumor and received postoperative
radiation therapy with complete relief of
symptoms. Two years later, on routine
checkup for diabetes, he was found to
have supraclavicular adenopathy which,
on biopsy, was consistent with histiocytic
lymphoma.

The incidence of spinal cord compres-
sion is increasing, and the clinical conse-
quences are devastating so that it repre-
sents a major clinical problem.
Anatomically, the two types of spinal
cord compression are (1) extradural
compression and (2) intramedullary
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compression from metastases within the
spinal cord proper. The mechanism of
tumor implantation is generally through
hematogenous metastasis, first to the
vertebral body, from which point the
tumor moves out to compress the dura,
compressing the cord directly (Fig. 5.1).

The mechanisms of spinal cord compres-
sion are: 1) contiguous extension from
vertebral mestastases and 2) retroneural
growth from the paraspinal area through
intervertebral foramina.

Fig. 5.1 Schematic diagram of the spinal
cord and spinal vertebral body (normal).
Laminectomy involves removal of the
shaded area representing the dorsal pro-
cess (extra dural tumor). Tumor A results

Thus, more than 80 percent of patients
with spinal cord compression from the ex-
tramedullary or extradural mechanism
will have radiographic evidence of verte-
bral bone lesions, determined either with
routine radiography or with nuclear scans.
A second pathogenetic mechanism of
spinal cord compression is retroneural
growth from paraspinal areas through the
intervertebral foramina with the develop-
ment of secondary compression by direct
impingement on the cord. In this instance,
the tumor grows from the retroperitoneal
or retrothoracic space in continuity with
the paraspinal musculature, but along the

in spinal cord compression from contig-
uous growth within the bone lesion, and
tumor B is hematogenously implanted.
Both tumors are extradural in anatomic
localization.



66 Lokich

nerves emanating from the spinal canal.
This is the most common mechanism

for intramedullary spinal cord compres-
sion. It is sometimes suggested that spinal
cord compression and other central ner-
vous system lesions must be associated
with pulmonary lesions because the latter
represent the bed from which the central
nervous system is seeded, but this is re-
futed by the frequency with which these
lesions develop in the absence of pulmo-
nary disease. The presence of a vertebral
venous system extending from the pelvis

to the cranial vault and carrying blood
from the neuraxis to the cranial circulation
was described by Batson. With increased
systemic circulating pressure, the implan-
tation or reverse flow allows tumor cell
penetration in the neuraxis without arte-
rial access.

Central nervous system lesions (cerebral
hemispheres and spinal cord) may de-
velop in the absence of pulmonary lesions.

2.0 Clinical patterns of presentation

The clinical presentation of spinal cord
compression is quite variable, but early
recognition is important. The specific
clinical syndrome may be related to (1)
the site of obstruction (thoracic, lumbar,
or cervical), (2) the acuteness of obstruc-
tion, or (3) the mechanism of obstruction
either from an extradural or an intrame-
dullary process.

The primary symptom associated with
spinal cord compression is pain, which
may develop as a preclinical symptom in
up to 90 percent of patients.

Pain is the singular initial symptom of
spinal cord compression and can vary in
intensity and site of origin.

often attributed to a low-back pain syn-
drome or, in patients with known bone
lesions, as simple bone involvement with
tumor. The pain commonly becomes radi-
cular, particularly in those instances in
which the tumor enters through the in-
tervertebral foramina. Following the de-
velopment of pain, paresis and paralysis
evolve in sequence in the lower extremi-
ties. Sensory loss in the extremities devel-
ops after motor weakness; the last neuro-
logic insult is autonomic dysfunction
with bladder and bowel incontinence.
Urinary retention and constipation rarely
develop as the first clinical syndrome,
but neurologic signs are variably present.
In the elderly group of patients with
spinal cord compression, the clinical pic-
ture may be complicated by mundane
neurologic abnormalities, including
strokes or diabetic peripheral neuropathy,
thus making it more difficult to identify
specific neurologic signs.

A summary of clinical neurologic signs
and symptoms is detailed in Table 5.1
The clinical picture is primarily related to
the site of cord involvement, and may be
asymmetric or complicated by multiple
sites of compression.

Extradural and intramedullary
compression. The most common mecha-

Table 5.1 Neurologic signs and symptoms
in spinal cord compression

Symptoms Frequency
Pain 90%
Muscle weakness 70%
Sensory loss 50%
Autonomic dysfunction* 50%

Signs
Sensory level 30—40%
Hyperactive reflexest 70%
Pathologic reflexes 60%

The pain may be insidious and is most

*Bowel, bladder, or genital dysfunction.
tGenerally “super” hyperactive.
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nism of spinal cord compression is
through extradural compression, and
fewer than 100 cases of intramedullary
spinal cord metastasis have been reported.
The most common tumors to be associ-
ated with intramedullary tumor metastasis
are lung cancer, melanoma, and lym-
phoma. Clinical characteristics of intra-
medullary spinal cord compression in-
clude radicular pain, muscle atrophy and
fasciculations, associated sensory loss,
evolution of sensory loss from distal to
proximal areas, early autonomic dysfunc-
tion, and normal myelography in up to
one-half of reported cases. The importance
of identifying intramedullary tumor is
that decompression laminectomy is gen-
erally not indicated in the absence of
documented edema of the cord, and local
radiation therapy alone may provide
major palliation. An important clinical
clue to the diagnosis of intramedullary
tumor is that most previously reported
patients have had associated cerebral
metastasis.

Superacute evolution of spinal cord
compression implies vascular injury and
cord infarction.

Acute and chronic spinal cord
compression. Acute spinal cord compres-
sion occurs most typically in trauma with
secondary hematoma of the cord or verte-
bral fracture and direct tumor compres-
sion. The development of acute spinal
cord compression generally indicates a
compromise in the arterial supply to the
cord with secondary cord infarction. If in-
farction develops, the prognosis is omi-
nous. Alternatively, in rapidly growing
tumors the clinical syndrome may appear
over a short interval without vascular
infarction.

Patient B, an 18-year-old man with Stage
11 lymphosarcoma, had been in remis-
sion except for persistent retroperitoneal

adenopathy. On routine follow-up his
examination appeared to be unremarka-
ble, but he returned 12 hours later with
acute urinary retention and early motor
paresis. He was begun on corticosteroids
and local radiation therapy, which
brought rapid regression of his symptoms.

Multiple sites of spinal cord tumor im-
plants are common and necessitate radio-
logic evaluation of the entire cord.

Patient C, a 23-year-old man with medias-
tinal teratoma, developed quadriplegia
from extension of the tumor through the
retrothoracic space into the thoracic
spinal cord. The patient developed radi-
cular pain and underwent a surgical de-
compression, at which time the tumor
was noted to be on the anterior as well as
the posterior cord surface. The pain re-
gressed rapidly, but four days following
operation the patient developed a dense
paraplegia; at reoperation the tumor was
found to encircle the cord completely
with compression of the anterior spinal
artery. No recovery of extremity function
was achieved.

In contrast, the most typical manifesta-
tion of spinal cord compression is slow
evolution of back pain over two to three
weeks before neurologic signs and symp-
toms may be observed and after which a
more rapid clinical progression may occur
over days. This slowly evolving syndrome
may be referred to as “subacute spinal
cord compression.” Chronic or stable cord
compression is unusual because a grow-
ing tumor in the confined space of the
spinal canal eventually impinges upon
the cord.

Spinal cord compression relative to site
of obstruction. Spinal cord compression
can develop as a consequence of tumor
implantation anywhere along the entire
length of the spinal cord, from the cauda
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equina to the foramen magnum, but in
order of frequency implantation occurs at
the level of the thoracic, lumbar, and
cervical spine. Multiple sites of tumor im-
plantation are commonly observed even
when clinical symptoms are related to
only a single site. The clinical implications
of multiple sites of involvement are that
diagnosis and treatment with radiation
must often involve the entire spinal cord.
Furthermore, surgical decompression
must extend beyond the upper and lower
limits of the defined lesion by at least

one vertebral space, and can promote in-
stability of the vertebral column, particu-
larly when the vertebral body is compro-
mised anteriorly by tumor.

Motor, sensory, and sphincter symptoms
may be observed independently without
evolving in a chronologic sequence.

Thoracic cord compression is the most
common type of involvement, and the
clinical picture is typically one of girdle
pain beginning in the back and radiating
around to the anterior chest or upper
abdomen. Localized pain over the verte-
bral process can frequently be elicited.

In the older literature it was suggested that
herpes zoster may precede the develop-
ment of localized spinal cord compression,
particularly in patients with Hodgkin’s
disease, and may therefore warrant local
radiation therapy to the root site of herpes
zoster involvement. In patients suspected
of having herpes zoster pain but without a
typical rash or vesicular eruption, spinal
cord compression should be considered.
Neurologic examination in thoracic cord
lesions should demonstrate abnormalities
of the motor and sensory systems with
weakness and paresis as well as a decrease
in normal reflex and the appearance of
pathologic reflexes (Babinski reflex and its
variants). The sensory level is typically
two or three segments lower than the

actual site of obstruction and may not be
symmetrical. In addition, the paresthesias
may precede the development of specific
neurologic signs.

Autonomic dysfunction occurs most com-
monly with lesions of the conus
medullaris.

Lesions at the level of the lumbar verte-
brae are often associated with sphincter
abnormalities because the spinal cord
ends at L3, and the conus medullaris car-
ries the neuronal supply to the bladder. In
addition, lesions at this level are often
associated with root compression and rad-
icular pain syndromes. The differential
diagnosis involves a consideration of
benign herniated disk because of the fre-
quency with which disk disease develops
in the lumbar area.

The autonomic dysfunction commonly
associated with lumbar lesions is incon-
tinence secondary to overflow with inade-
quate sphincter competence. Thus, the
absence of bladder detrusor muscle con-
tractability and bowel peristalsis results in
constipation and urinary retention fol-
lowed by overflow incontinence for both
stool and urine.

The cord may be compressed anteriorly,
posteriorly, or laterally as a consequence
of dural impingement, but the neurologic
signs and symptoms generally do not
permit specific localization. Occasionally
patients present predominantly with cere-
bellar signs as a consequence of compres-
sion of the spinal cerebellar tract.

Patient D, a 55-year-old woman with
breast cancer metastatic to multiple bones,
was controlled on hormonal management
and had relatively minor residual pain

in the lumbar and thoracic spine. She
complained of losing her balance inter-
mittently for approximately three weeks,
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during which time she often fell and sus-
tained multiple leg bruises. On neurologic
examination she demonstrated profound
ataxia with weakness of the proximal
muscles. There was no sensory deficit, and
reflexes were intact. Myelogram demon-
strated a lesion at T;,. The patient under-
went decompression laminectomy and
had a partial recovery.

The clinical picture is therefore variable
and related to the extent to which one
or another neurologic pathway is
interrupted. :

Cervical cord lesions are the least fre-
quent type of metastases and are invariably
associated with local pain and pain ex-
tending into the shoulder with radio-
graphically evident bone destruction. The
pain may radiate down the spinal column
in response to neck flexion (Lhermitte’s
sign), but more importantly, the appear-
ance of long tract signs or symptoms of the
distal extremities or bladder dysfunction
heralds progression to quadriplegia.

Spinal cord compression, and primary
tumor source. The primary tumor type
influences the clinical picture of spinal
cord compression because the rapid rate
of tumor growth, distribution of metasta-
ses, and survival are all influenced by the
primary source of the tumor. For example,
rapidly growing tumors such as the lym-
phomas can cause acute compression that
is rapidly reversible because of the
tumor’s responsiveness to treatment.

Patient E, a 24-year-old man with known
Hodgkin’s disease in the retroperitoneum,
had a normal examination without evi-
dence of tumor dissemination approxi-
mately three years after initial treatment
for Stage III disease. Two days after exam-
ination the patient developed pain, fol-
lowed within hours by unstable gait. He
was immediately placed on corticoste-
roids and received radiation therapy

to the site of obstruction demonstrated by
myelogram. Within 2 hours of corticoste-
roid therapy and within 24 hours of initial
irradiation, the pain subsided and the
patient’s gait returned to normal.

Multiple myeloma is the most common
cause of spinal cord compression in an
unrecognized primary tumor. Further-
more, decompression laminectomy is
contraindicated for this disease.

When spinal cord compression occurs,

the primary tumor is generally known

(i.e., spinal cord compression appears me-
tachronously). In multiple myeloma,
however, cord compression may be the
initial presentation of the tumor, and the
diagnosis may be obscured by radiographs
that are consistent only with osteoporosis.

Patient F, a 57-year-old man, presented
with typical symptoms of spinal cord
compression secondary to metastatic can-
cer. There was no evidence of a primary
tumor site. An elevated serum calcium,
erythrocyte sedimentation rate of 110, and
anemia suggested the diagnosis of multi-
ple myeloma. Radiographic studies of

the bones were essentially normal except
for mild osteoporosis. Because of the
suspicion of myeloma, the patient under-
went a bone marrow biopsy; the presence
of sheets of plasma cells established the
diagnosis. Therapy for the spinal cord
compression involved local radiation
therapy and corticosteroids.

Multiple myeloma affects the bone homo-
geneously, and a decompression laminec-
tomy may accentuate instability and pro-
mote compression of the vertebral body. It
is not possible to stabilize the bone surgi-
cally, as all of the vertebrae are, for the
most part, compromised. In addition, sur-
gery involves an immobilization period
that can lead to hypercalcemia.
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Spinal cord compression due to prostate
or breast cancer is often heralded by
increased and resistant bone pain.

The responsiveness of multiple myeloma
to chemotherapy and radiation accen-
tuates the need for avoiding surgery. The
possibility that a localized plasmacytoma
will compress the cord without bone dis-
ease can be considered, but the rarity of
such a lesion and its exquisite sensitivity
to radiation preclude the necessity of
surgical decompression in myeloma-asso-
ciated spinal cord compression.

Breast and prostate cancers represent
the female and male counterparts of a
tumor that is exquisitely responsive to
hormonal therapy and uniformly associ-
ated with osteolytic as well as osteoblastic
bone lesions. Both tumors therefore have
a high incidence of spinal cord compres-
sion. The clinical picture is often obscured
because the patients may have had bone
lesions over a long period with intermit-
tent back pain, and the development of re-
calcitrant pain in the setting of multiple
previous episodes of pain is often attrib-
uted merely to tumor resistance. Nonethe-
less, the cardinal rule must be that persis-
tent localized pain that is resistant to
therapy and that develops a pattern of ra-
diation to the legs, arms, or chest may
indicate spinal cord compression.

Myelography is indicated in all patients
with back pain and malignancy even

in the absence of neurologic signs, and
especially if bone lesions are not detected.

The clinical picture of spinal cord
compression in these “solid tumors” fre-
quently evolves over weeks and some-
times over months, but lack of neurologic
recovery after treatment is generally an
ominous prognostic sign for survival.

Patient G, a 55-year-old man with meta-
static prostate cancer and multiple osteo-
blastic lesions, had been treated with
hormonal manipulation for known bone
lesions over the previous two years. His
analgesic requirement had increased over
the two weeks prior to observation and
necessitated his confinement to bed. On
neurologic examination he was found

to have a profound paraparesis with ab-
normal pathologic reflexes. He underwent
a decompression laminectomy with in-
complete recovery, necessitating bladder
drainage for the next four months.

Although bone involvement in these tu-
mors is diffuse, and the tumor is respon-
sive to systemic as well as local radiation
therapy, the most direct therapy is often
surgical decompression.

Two primary tumor types associated
with long survival after spinal cord
compression are the soft tissue sarcomas
and renal cell carcinoma. These tumors
are often characterized by local growth
and solitary metastasis. Renal cell carci-
noma is almost invariably associated with
bone lesions; sarcoma is not unless it is
derived from the bone in proximity to the
cord. These tumors are notoriously resis-
tant to both radiation and systemic therapy
and therefore necessitate surgical inter-
vention as a primary approach.

Patient H, a 57-year-old man with a large
chondrosarcoma of the ribs, had a
chronic complaint of local back pain.
Radiation therapy was ineffective in con-
trolling the pain, and the patient gradu-
ally developed typical spinal cord
compression. Decompression laminec-
tomy was instituted when the patient
developed paraplegia, but restitution of
function was not possible. He lived an
additional two years as a total paraplegic.

Prolonged survival in such patients ne-
cessitates early diagnosis because of the
devastating effects of paraplegia.
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Spinal cord compression and lepto-
meningeal carcinoma. Meningeal carci-
nomatosis must be distinguished from
spinal cord compression and has been re-
viewed with the acute central nervous
system syndromes (see Chapter 4). The
pathophysiologic distinction of the two
complications is sometimes difficult, but
leptomeningeal tumor generally involves
hematogenous implantation on the under
surface of the dura, directly bathing the
cord with cells deposited within the cere-
brospinal fluid. Tumor implants may
evolve along the cord and the under sur-
face of the dura, with secondary entrap-
ment of nerves and the development of a
neuropathy sometimes associated with
pain. In contrast, the typical spinal cord
lesion is implanted on the external surface
of the dura, and cells are not generally
found in the cerebral spinal fluid.

3.0 Diagnosis of spinal cord compression

The diagnosis of spinal cord compression
depends on a clinical awareness of the
typical symptoms and of the classic and
atypical neurologic signs. Confirmation of
the diagnosis is achieved by myelogra-
phy. As previously indicated, intramedul-
lary tumors may have a normal myelo-
gram in 50 percent of patients. Ancillary
procedures, including examination of
the cerebrospinal fluid and radiographic
evaluation of osseous structures, are inci-
dental to the myelogram but provide addi-
tional information that may guide the
therapy.

Myelography not only establishes the
definitive diagnosis but also delineates
the level of cord compression and estab-
lishes the amount and distribution of
tumor. The morbidity of myelography is
minimal even in association with multiple
lesions and a dense clinical syndrome
secondary to spinal cord compression.
Therefore, myelography should be per-
formed on all patients in whom spinal

cord compression is suspected, even in the
absence of neurologic signs and in the
presence of pain or weakness as the only
symptom.

Patient I, a 79-year-old man, had had
prostate cancer for four years. During that
time, the tumor had metastasized to most
bones, giving an ““ivory’’ appearance

to all osseous structures (Fig. 5.2). He de-
veloped progressive weakness of the lower
extremities without pain and without
neurologic signs of hyperactive reflexes.
Myelogram demonstrated a block at T,

Fig. 5.2 Lumbar spine (Patient I) demon-
strating ivory appearance secondary to
prostatic cancer metastases.
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(Fig. 5.3). Steroids and local radiation
therapy resulted in gradual improvement
in quadriceps strength.

Clinical spinal cord compression and a
normal manometric examination are
common and do not imply a vascular
lesion.

The myelographic procedure is performed
in two steps (Table 5.2). Lumbar puncture
permits introduction of the dye below

the site of obstruction; a second cisternal
puncture allows for introduction of the
dye above the obstruction site. The upper
and lower levels of obstruction are thus

Fig. 5.3 Myelogram demonstrating ob-
struction of dye at Level 1 (injected into
the lumbar space). Extent of tumor ob-
struction is therefore over five vertebra.

Table 5.2 Myelographic procedure

1. Enter lumbar space to obtain
cerebrosinal fluid for analysis.

2. Introduce radio-opaque dye in lumbar
space.

3. Tilt patient to head-down position to
establish lower level of obstruction.

4. Introduce radio-opaque dye into
cisterna, and tilt patient to head-up
position to establish upper level of
obstruction.

5. Remove most but not all radio-opaque
dye from lumbar puncture site.

established, and in addition, the identifi-
cation of multiple sites of implantation
can be defined. The field of radiation can
be defined completely if radiation is the
therapy to be used (Fig. 5.4). The charac-
teristics of the cerebrospinal fluid can

be analyzed to define the lesion. One of
the important applications of myelogra-
phy is in the sequential monitoring of pa-
tients. If residual dye is maintained in
the spinal canal, the flow and contour of
the spinal canal can be evaluated
repeatedly.

The cerebral spinal fluid in patients
with extradural or epidural compression
almost always demonstrates an increased
protein content of more than 100 mg%.
The cerebrospinal fluid glucose is gener-
ally normal except in those instances
in which leptomeningeal carcinoma is
observed. Although immediate manome-
tric evaluation of the lumbar puncture
generally demonstrates a block, the ab-
sence of a defined obstruction by mano-
metric manipulation does not preclude
spinal cord compression. The clinical
syndrome in the presence of normal man-
ometrics does not necessarily imply a
vascular as opposed to a neoplastic lesion.
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A B

Fig. 5.4 Myelogram demonstrating ob-
struction indicated by arrow (A). Follow-
ing radiation therapy (B) the dye extends
beyond the original point of obstruction.

Radiographically demonstrated bone
lesions and back pain necessitate detailed
neurologic examination and/or
myelography.

Because spinal cord compression is
commonly associated with tumors that
have metastasized to the vertebral bodies,
radiographic evaluation of the vertebral
structure frequently establishes the tumor
site. Radiographic confirmation of local
bone lesions can complicate and delay
diagnosis, because pain is often attributed
to the bone lesion rather than to spinal
cord compression. A cardinal rule, there-
fore, in evaluating patients with back
pain is that the confirmation of vertebral
bone lesions in patients with recent onset

of pain should prompt a detailed neuro-
logic evaluation to rule out concomitant
spinal cord compression. An important
corollary is that for patients with back
pain and no radiographically demonstra-
ble bone lesions, spinal cord compression
should be suspected and a myelogram
performed, particularly if subtle or equiv-
ocal neurologic abnormalities are present.

Spinal cord compression, unlike CNS
metastases, is not sheltered within a
pharmacologic sanctuary.

Radiologic evaluation of the bones is
therefore potentially confusing, although
the extent of the tumor can be more pre-
cisely defined. Radionuclide bone scans
can be helpful in identifying the site of the
lesion before standard radiographs are
abnormal.

The importance of the neurologic exam-
ination must be emphasized. Neurologic
deficits or signs appear in classic se-
quence: sensory, motor, and finally auto-
nomic dysfunction. The examination
may be atypical, however, in its chronol-
ogy and the quantitative deficit. The distal
loss of motor strength and reflex abnor-
mality may be asymmetrical, for example,
and hyperactive or pathologic reflexes
will often fluctuate. The critical neurologic
examination involves repetitive, sequen-
tial follow-up over a short time to guide
therapy and determine the appropriate
time for therapeutic intervention.

4.0 Therapies for spinal cord
compression

The attitude toward spinal cord compres-
sion secondary to metastatic carcinoma

is often nihilistic, particularly when con-
sidering surgery, but such a generaliza-
tion is not tenable without a consideration
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of the total clinical picture. For example,
the traditional rule for determining surgi-
cal intervention has been based on the
density and duration of the neurologic
deficit. The quantitative neurologic defi-
cit, however, is only one component in
the determination of therapy; other con-
siderations include the primary tumor
source, the potential responsiveness of the
tumor to radiation or chemotherapy, the
extent of the tumor, and the presence

of other morbid disease. The chronology
and rate of evolution of the neurologic
deficit are important variables as well. The
principles of treatment for spinal cord
compression involve an interdigitation of
the primary therapeutic modalities: sur-
gery, radiation, and chemotherapy (Table
5.3).

Surgical decompression is accom-
plished by laminectomy or removal of the
osseous structures that encompass the
cord posteriorly. The purpose of laminec-
tomy is to allow for expansion of the ede-
matous cord within a confined space, thus
relieving the pressure on the neurologic
tissue. In addition, the tumor mass may be

Table 5.3 Treatment principles in spinal
cord compression

1. Surgical decompression is the primary
modality of therapy for most tumors.

2. Radiation is the treatment of choice for
multiple myeloma (without
laminectomy).

3. Postoperative radiation therapy is
always applied independent of the
primary tumor source.

4. Chemotherapy for responsive tumors
should be employed for presumed
disease outside the nervous system,
but intrathecal drug therapy is not
indicated.

wholly or partially excised. The tumor
mass commonly encircles the cord and
may extend up and down additional ver-
tebral spaces, necessitating laminectomy
of multiple, contiguous vertebrae. Silver
clips are placed at the extreme ends of
the laminectomy site to guide postopera-
tive radiation therapy.

Surgical morbidity is related to cerebro-
spinal fluid leakage and wound dehisc-
ence, but the most important complication
is the development of an unstable verte-
bral column resulting from the removal of
the posterior supporting lamina. In the
presence of anterior disease in the verte-
bral body, the result may be complete
instability of the vertebral column. Previ-
ously reported mortality from spinal cord
compression is more often related to tumor
complications than to the decompression
procedures. Decompression laminectomy
itself is associated with low morbidity
and mortality.

Radiation therapy is the treatment of
choice for spinal cord compression sec-
ondary to such radioresponsive tumors as
multiple myeloma and lymphoma. In
such patients laminectomy may be con-
traindicated because tumor responsive-
ness is rapid and often complete. Radia-
tion therapy is invariably indicated after
laminectomy even for patients with radio-
resistant tumors. The presence of residual
disease is uniformly assumed in these
patients, and the potential presence of
multiple, asymptomatic tumor implants
should be treated prophylactically. The
radiologic techniques are variable but are
generally similar to the doses and frac-
tions employed in the treatment of cerebral
metastases. In rapidly evolving spinal
cord compression, high-dose fractions
(400 rad to 1000 rad), are employed in
conjunction with corticosteroid therapy,
which can minimize the edematous reac-
tion to radiation. Alternatively, for some
patients the dose fractionation scheme
may be initiated at low doses and gradu-
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ally built up or administered as a standard
fraction at 150 rad to 200 rad per day for
a total dose of 3000 rad to 4000 rad.

Corticosteroids are used routinely asa
prophylactic measure in patients receiving
radiation therapy, although the necessity
for these drugs has not been established
in a controlled study. Corticosteroids are,
however, primary cytolytic agents in
both lymphoma and multiple myeloma
and therefore play a dual rule in the man-
agement of spinal cord compression due
to these tumors.

Little if any role has been established
for systemic or intrathecal chemotherapy
in the management of spinal cord
compression. Because this is a regional
complication of malignancy, direct ther-
apy must involve surgery, radiation, or
a combination of both. Chemotherapy
should be used to control systemic disease
that seeds the spinal cord, particularly if
the tumor is responsive to chemotherapy.
Spinal cord compression occurs second-
ary to contiguous growth from extraneural
sites and does not involve a pharmaco-
logic sanctuary as do the other central
nervous system complications of malig-
nancy. Therefore, systemic therapy in
chemotherapy-responsive tumors can be
expected to augment the effects of surgery
or radiation in spinal cord compression.

Surgical decompression laminectomy
can be used regardless of the duration or
density of the neurologic deficit.

Therapy for spinal cord compression
can be summarized by basic principles.
The primary approach is immediate surgi-
cal decompression regardless of the neu-
rologic deficit. Postoperative radiation
therapy to the entire obstruction site is
indicated in almost all patients. In patients
with dense hemiplegia, radiotherapy
may achieve at least partial and possibly

complete recovery. Only for patients with
a slowly evolving or stable spinal cord
compression should radiation be used as a
primary modality to the exclusion of
surgery.

In the series reviewed by Gilbert, Kim,
and Posner (1978), patients undergoing
laminectomy with or without radiation
therapy consistently achieved a higher
level of function than those receiving
radiation therapy alone, although the data
were not statistically significant. But any
added increment achieved by surgical
decompression even in a rare patient is
worthwhile, considering the devastating
alternative and the minimal adverse effects
of surgery.

The two primary determinants of prog-
nosis in spinal cord compression are the
duration of the neurologic deficit and the
density or quantitative severity of the
neurologic deficit. Quantitation of the
density of neurologic deficit is difficult,
but flaccid paralysis is considered an
advanced stage beyond that of spastic or
hyperactive paralysis. The latter circum-
stance generally indicates stimulation of a
responsive neurologic arc; the flaccid
state reflects an incapacitated or infarcted
neurologic arc. The duration of a neuro-
logic compromise beyond 24 hours is
associated with irretrievability in more
than 90 percent of patients. Nonetheless,
recovery in isolated cases has been re-
ported, and this singular criterion should
not preclude an aggressive surgical and
radiotherapeutic approach.

Patient J, a 37-year-old woman who had
had Hodgkin’s disease for 10 years, pre-
sented with progressive back pain over
approximately two months. Upon presen-
tation she was found to have hyperactive
reflexes, and within two hours developed
flaccid paralysis. At 36 hours she came

to decompression laminectomy, which
produced rapid recovery of neurologic
function.
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The total clinical situation must therefore
be considered in evaluating the therapeu-
tic alternatives.

5.0 Summary

Spinal cord compression, although one of
the most devastating complications of
cancer, is always reversible if detected be-
fore irretrievable neurologic compromise
occurs. Therapy is invariably applicable,
but the most important modality to be
considered is surgery, the choice of which
is guided by the total clinical picture

and not by considerations of the neuro-
logic deficit alone. The retrievability of
occasional patients even in the presence
of dense neurologic deficits mandates

the application of neurosurgery with only
rare exceptions. The major contraindica-
tions to surgery are the disease type (i.e.,
multiple myeloma, Hodgkin’s disease,
and non-Hodgkin’s lymphoma, which are
exquisitely responsive to radiation ther-
apy), and the development of cord infarc-
tion from compression of the anterior
spinal artery, which is rarely possible to
diagnose clinically. Intramedullary tumor
is a unique but rare form of spinal cord
compression, which nonetheless requires
decompression to allow edematous ex-
pansion of the cord and to prevent cord
infarction.
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1.0 Introduction and background

Patients with cancer frequently have an
increased serum calcium concentration.
Hypercalcemia can occur at any point in
the course of the disease and may be the
first clue to the presence of malignancy.
The condition can be clinically silent and
detected only by automated multiphasic
blood chemistry determinations; con-
versely, it can be the most debilitating as-
pect of the disease. The disorders of cal-
cium homeostasis that underlie this
condition are similarly varied. Fortu-
nately, a variety of therapeutic modalities
is available for patients who require re-
duction of their serum calcium.
Hypercalcemia developing in associa-
tion with malignancy may be directly
related to the tumor (secretion of parathy-
roid hormone) or to osseous metastases,
or it may be related in a nonspecific way to
another morbid process such as primary
hyperparathyroidism. The latter disease is
associated with an increased incidence
of malignancy. Whatever the mechanism,
hypercalcemia develops in as many as

10 percent of patients with advanced
malignancy.

To facilitate detection of hypercalcemia
as early as possible, it is necessary to be
familiar not only with the signs and
symptoms that may be produced, but also
with those tumors commonly associated
with this complication. Certain tumors
will produce hypercalcemia much more
frequently than others; for these patients
the physician’s “index of suspicion” for
hypercalcemia should be higher. In a
series of 156 consecutive cases of hyper-
calcemia secondary to malignancy, 46
percent were cases of lung or breast cancer,
with a variety of other tumors responsible
for the remaining portion. For patients
with bone involvement, most instances of
hypercalcemia are due to breast cancer
or multiple myeloma. Virtually any tumor,
including leukemia and lymphoma, can
produce hypercalcemia under these cir-
cumstances. In patients free from bone
metastases, most cases of hypercalcemia
are due to bronchogenic carcinoma and
renal cell carcinoma. A number of other
tumors characteristically produce this
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syndrome, although less frequently than
the two major histologies (Table 6.1).
Isolated cases have been reported for vir-
tually every tumor producing hypercal-
cemia in the absence of bone metastases.

The most common histopathologic class
of tumor associated with hypercalcemia is
squamous cell carcinoma at any site,
including lung, head and neck, and
bladder.

2.0 Clinical presentation

Hypercalcemia can produce altered phys-
iology in a number of organs and can
give rise to a variety of signs and symp-
toms (Table 6.2). Many of these symptoms

Table 6.1 Tumors associated with
hypercalcemia in descending order of
frequency

In the absence of bone metastases
Bronchogenic carcinoma
Renal cell carcinoma
Head and neck cancers
Carcinoma of the female genital tract
Ovary
Endometrium
Cervix
Vulva
Bladder carcinoma
Pancreatic carcinoma
Breast cancer

In the presence of bone metastases
Head and neck cancer
Breast cancer
Lung cancer
Multiple myeloma
Renal cell cancer
Prostatic cancer

are commonly found in cancer patients
with normal serum calcium, but the ap-
pearance of any one should prompt a cal-
cium determination.

In the gastrointestinal tract, hypercal-
cemia is often associated with constipa-
tion, a manifestation of a general tendency
toward depression of neuromuscular ac-
tivity. Hypercalcemia can also be respon-
sible for anorexia, nausea, vomiting, and
vague abdominal pain. In evaluating these
symptoms, the physician should recall
that hypercalcemia is associated with an
increased incidence of peptic ulcer. Cal-
cium stimulates gastrin secretion, which
in turn causes increased acid production;
this is the probable link between the two
conditions. (A similar link between hy-
percalcemia and pancreatitis is less well
established.) If nausea, vomiting, or pain
does not respond quickly to correction of
the serum calcium, an upper-GI series
is indicated; conversely, excessive or un-
expected gastrointestinal symptoms may
be attributed to alterations of calcium
homeostasis.

Table 6.2 Clinical signs and symptoms of
hypercalcemia

Organ system Symptoms
Gastrointestinal Anorexia, nausea,
tract vomiting,
constipation
Genitourinary tract Polyuria,

polydipsia, no
renal stones

Central nervous Disordered
system mental state
progressing to
coma, no
seizures
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Patient A, a 35-year-old man with meta-
static malignant melanoma, had extensive
bone lesions but had not had hypercal-
cemia. He had a brief response to dacar-
bazine (DTIC), but then failed both this
treatment and other drug therapies. He
was started on a new chemotherapeutic
regimen and was told that nausea and
vomiting were among the potential side
effects but that these would last only a
few hours. Three days after beginning the
new regimen, he continued to have severe
nausea with occasional vomiting, and
hypercalcemia was suspected. The serum
calcium was 13.2 mg%.

In the kidney, hypercalcemia causes an
inability to concentrate the urine. Conse-
quently, polyuria, polydipsia, and dehy-
dration occur. Nephrolithiasis will appear
only when the hypercalcemia is long
standing. Thus, stone formation is seen in
hypercalcemia due to such benign disor-
ders as hyperparathyroidism; stones are
rare in the patient with hypercalcemia
due to cancer.

Signs of extraskeletal calcification such
as band keratopathy or nephrocalcinosis
are uncommon in patients with hypercal-
cemia secondary to malignancy, also
because hypercalcemia must be long
standing to produce these signs.

Central nervous system manifestations
of hypercalcemia include apathy, weak-
ness, personality change including psy-
chosis, and headache. Seizures and focal
neurologic signs are rare. Patients with
elevation of serum calcium may present
with stupor or coma.

Patient B, a 44-year-old woman, had a
past history of depressive psychosis but
had been well for eight years. At that
time, apathy, anorexia, and forgetfulness
returned. Although insomnia had been

a prominent symptom of her earlier dis-
ease, she now exhibited constant drowsi-

ness. The physical examination revealed
an ovarian mass; the serum calcium was
15.0 mg%. At laparotomy, an 8.0-cm
ovarian carcinoma was removed; there
was no evidence of metastatic disease.
Following operation, the calcium fell to
normal, and the patient’s mental condi-
tion cleared.

The symptoms of hypercalcemia are gas-
trointestinal, urinary, or neurologic,

and the extent of the symptoms does not
necessarily correlate with the quantitative
serum calcium level.

3.0 Pathophysiology of hypercalcemia

A variety of pathophysiologic mechanisms
is responsible for hypercalcemia in malig-
nancy. The details of each have not been
completely elucidated, and it is likely that
other mechanisms, about which we are
unaware, are operating. In spite of these
deficiencies in our knowledge, an under-
standing of the pathophysiology of a par-
ticular case can help in the selection of
optimum therapy.

The majority (>90%) of patients with
hypercalcemia have bone metastases.

The most common mechanism of hy-
percalcemia is local destruction of bone by
invading tumor. As bone is destroyed,
calcium is released into the blood at a rate
that exceeds maximal renal clearance.
Clearly, factors other than the simple
presence of tumors in bone are operating
here. For example, given a patient with
bone metastases, the histology is impor-
tant in determining whether hypercal-
cemia will occur. Breast cancer is fre-
quently associated with hypercalcemia,
but only when the patient has bone dis-
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ease. In contrast, another tumor commonly
metastatic to bone, oat cell carcinoma of
the lung, very rarely causes hypercal-
cemia. Bone involvement is most readily
detected by whole-body radionuclide
scanning. The bone scan will generally
become abnormal before conventional
radiographs, but it lacks specificity and
will become positive in any area with
increased osteoblastic activity. Degenera-
tive, metabolic, and neoplastic bone dis-
ease are all associated with a positive
bone scan. Healing (nonpathologic) frac-
tures will show increased uptake on bone
scan for prolonged periods of time. There-
fore, it is necessary to study roentgeno-
grams of bones that are abnormal on scan.
These will usually provide the specific
diagnosis, but in rare cases, needle biopsy
may be required to establish the presence
of bone metastases. Biochemically, hyper-
calcemia associated with metastatic
tumor in bone is accompanied by normal
or increased serum phosphorus, increased
alkaline phosphatase, and normal serum
chloride. Parathyroid hormone (PTH)
production will be suppressed by the hy-
percalcemia, although perhaps not to-
tally, as a component of PTH secretion is
not sensitive to serum calcium. If mea-
sured, the serum PTH level will be found
to be low or undetectable, but occasionally
it is increased because of a response to
therapeutic measures to decrease the
serum calcium level.

Parathyroid hormone. In contrast to
direct bone destruction by metastatic
tumor is hypercalcemia that is mediated
by humoral substances. The first substance
proposed for this role was PTH. In these
cases, PTH is produced by tumor tissue
just as other hormones are produced in
similar “ectopic hormone” syndromes.
Hormone production is autonomous (i.e.,
notresponsive to the usual negative feed-
back control by serum calcium). Biochem-
ically, this syndrome closely resembles

that of primary hyperparathyroidism,
with decreased serum phorphorus and
tubular resorption of phosphate. Hyper-
chloremic acidosis may be seen as well.
Pseudohyperparathyroidism has thus
been defined as the constellation of in-
creased serum calcium and decreased
serum phosphorus in a patient with non-
parathyroid malignancy without bone
metastases. The role of PTH in these cases,
however, is still under debate. In the older
literature such cases were often simply
noted to lack autopsy evidence of bone
metastases and parathyroid neoplasia, and
a pathophysiologic role for PTH was as-
sumed. More recently, radioimmunoas-
says for PTH have become available. At
present, a well-studied case would ideally
include: (1) simultaneous measurement
of serum calcium and PTH, (2) simultane-
ous measurement of PTH in the arteries
supplying and veins draining the tumor
bed (A-V gradient), and (3) measurement
of PTH concentration in tumor tissue

and surrounding normal tissue. Such
completely documented cases are rare,
and the currently available data are
inconsistent.

Ectopic secretion of PTH by a tumor has
not been definitively demonstrated to
date.

Powell and co-workers reported 11 cases
of the putative PTH-mediated syndrome
that were studied with radioimmunoas-
says using a variety of antisera (1973). The
investigators stated that these antisera
collectively recognized a number of anti-
genic sites along the entire length of the
PTH molecule in addition to detecting
pro-PTH and PTH fragments. In the re-
ported cases, no detectable PTH was pres-
ent in peripheral blood, venous blood
from the tumor bed, or tumor extracts. Yet
tumor tissue extracts did cause bone re-
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sorption in vitro. They concluded that

at least one-half of all cases of pseudohy-
perparathyroidism was mediated by a
humoral substance other than PTH. On
the other side, Benson and co-workers
studied a series of 108 patients with hy-
percalcemia and malignancy and found
that for over 95 percent of them the serum
PTH concentration was inappropriately
high for the level of serum calcium (1974).
Furthermore, patients with bone metasta-
ses, who might be presumed to have hy-
percalcemia from some other mechanism,
had PTH levels similar to those without
bone metastases. This study would seem
to indicate that most patients had hyper-
calcemia mediated by PTH.

It is not currently possible to reconcile
these studies. Differences in radioimmu-
noassay technique undoubtedly contrib-
ute to differences in results. Normal PTH
might differ immunologically from that
produced by tumor. In addition, the as-
sumption that even a low PTH level is
inappropriately high for a given serum
calcium will have to be reevaluated; recent
data show that a low level of PTH secre-
tion may not be suppressible at any cal-
cium level. A development that may help
to clarify this issue is the measurement
of urinary excretion of adenosine 3’, 5’-
monophosphate (cyclic AMP). This com-
pound is relatively easy to measure, and
its measurement may supplant (or at least
supplement) the radioimmunoassay for
PTH, which is technically difficult. Cyclic
AMP is produced in the kidney in re-
sponse to PTH and mediates the renal ef-
fects of PTH. Urinary cyclic AMP repre-
sents both glomerular filtration of plasma
cyclic AMP and tubular secretion of
cyclic AMP. Only the latter portion is a
reflection of PTH activity. By measuring
plasma cyclic AMP and creatinine clear-
ance, the filtered portion of urinary cyclic
AMP can be calculated and subtracted
from the total, leaving the nephrogenous
portion. There are few data on patients
with malignancy and hypercalcemia using

this new technique, but Shaw and co-
workers studied 16 such patients, and re-
lated the cyclic AMP levels to serum cal-
cium and PTH (1977). Two groups of
patients were evaluated. One group of 6
patients had urinary cyclic AMP levels
similar to those of normal volunteers given
calcium infusion or to those of patients
with hypercalcemia not mediated by PTH.
Most of these patients had bone metasta-
ses; 4 patients had bone scans, and all
were positive. In this group, the mecha-
nism of hypercalcemia is likely due not to
PTH but to bone metastases. The second
group (10 patients) had urinary cyclic
AMP levels similar to those of patients
with primary hyperparathyroidism. Most
of these patients had no evidence of bone
metastases; 6 had bone scans and all were
negative. In this group, the hypercalcemia
may well be mediated by PTH.

Prostaglandins. It now appears that
PTH is not the only humoral mediator of
hypercalcemia in malignancy. Evidence
exists that prostaglandins of the E series,
especially prostaglandin E, (PGE,), may
be responsible for hypercalcemia in some
cases. Interest in this role for prostaglan-
dins stemmed from studies by Tashjian
and co-workers of a mouse fibrosarcoma
that regularly produced hypercalcemia. In
this model, PGE; is secreted by the tumor;
tumor-bearing animals have high blood
levels of PGE; and hypercalcemia. The
PGE; causes resorption of bone in vitro
and produces hypercalcemia when in-
fused into normal rats. Furthermore, indo-
methacin, an inhibitor of prostaglandii
synthesis, corrects hypercalcemia in mice
bearing the fibrosarcoma and lowers the
serum level of PGE,.

A human tumor in which hypercal-
cemia was apparently mediated by prosta-
glandins was first reported by Brereton
and co-workers in 1974. Their patient had
renal cell carcinoma metastatic to liver
and lung, but not to bone. Hypercalcemia
was refractory to conventional manage-
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ment but responded on two occasions

to indomethacin. Assays for prostaglan-
dins in plasma showed no detectable
amounts; liver metastases had greatly in-
creased amounts of prostaglandins as
compared to normal liver, while lung me-
tastases had less than normal lung tissue.

This initial case report was followed
by other isolated reports, and then by two
small series. Robertson and co-workers
studied prostaglandin E (PCE) in 21 pa-
tients with malignancy. Of 11 hypercal-
cemic patients, 4 had elevated plasma
PGE. Of 10 normocalcemic patients, 1 had
a minimal elevation of PGE. Seven pa-
tients received indomethacin for hyper-
calcemia, and 6 had a significant decrease
in PGE. Two of the 7 treated patients were
in the group with elevated pretreatment
PGE; these 2 had a decrease in serum
calcium with indomethacin.

Seyberth and co-workers measured the
excretion of the major urinary metabolite
of the prostaglandin E series (PGE-M).

In 14 patients with hypercalcemia and
solid tumors, 12 had markedly increased
PGE-M; none of the 14 patients had de-
tectable serum PTH. Thirteen patients
with normal serum calcium had urinary
PGE-M that was normal (8 patients) or
slightly increased (5 patients); again, PTH
was low. Six patients with primary hyper-
parathyroidism had normal PGE-M. Sey-
berth’s group has analyzed treatment
results according to pretreatment PGE-M
levels and the presence or absence of bone
metastases. Hypercalcemic patients who
did not have an elevation of PGE-M prior to
therapy did not respond to treatment
with a prostaglandin synthesis inhibitor
(aspirin or indomethacin). Of 9 hypercal-
cemic patients with increased PGE-M, all
responded to treatment, with a decrease
in PGE-M and serum calcium. Five of
these did not have bone metastases; serum
calcium in these patients fell to normal.
Four patients with bone metastases had a
decrease in serum calcium, but not to
normal levels.

Combining the two series of patients,
one finds that 13 of 24 hypercalcemic
cancer patients had increased PGE in the
plasma or urine. The conclusion that
prostaglandins are involved in 50 percent
of cancer patients with hypercalcemia
must await the study of many more cases.
What is more impressive is the effective-
ness of treatment in appropriately selected
cases. All 11 patients with hypercalcemia
and increased PGE had a reduction of
serum calcium in response to treatment
with aspirin or indomethacin. Response
to drugs that inhibit prostaglandin syn-
thesis does not identify the exact role
of these compounds in hypercalcemia. It
may be that prostaglandins are not the
tumor product that causes hypercalcemia,
but rather are produced by normal tissues
in response to some other stimulus from
the tumor. Yet the available data in ani-
mals and humans suggest otherwise. The
distinction is not pragmatically crucial
so long as the therapy is effective.

Osteoclast-activating factor. A third
tumor cell product that can cause hyper-
calcemia has been studied in patients
with multiple myeloma and other hema-
tologic malignancies by Mundy and co-
workers (1974). Short-term cell cultures
were derived from tumor tissue of seven
patients with myeloma; supernatant fluid
from six cultures showed bone-resorbing
activity in vitro. The active factor was
determined by a variety of techniques to
be most similar to osteoclast-activating
factor (OAF) rather than to PGE, PTH, or
vitamin D analogs. A product of normal
human leukocytes, OAF is released in
response to challenge with antigen or mi-
togen, but plasma and normal leukocytes
from myeloma patients did not contain an
excess of this factor. Morphologic studies
showed that prominent osteoclastic activ-
ity occurred along bone surfaces adjacent
to myeloma deposits. The degree of this
activity paralleled the extent of infiltration
by myeloma in the immediate area. Thus,
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in this tumor it appears that the malignant
cells secrete an excess of a factor similar
to the OAF of normal leukocytes. This
factor does not appear in large amounts in
plasma but achieves high concentrations
near substantial tumor deposits and thus
stimulates osteoclasts in the immediate
vicinity of these deposits. The resulting
bone destruction produces hypercalcemia.
Whether this mechanism applies for other
tumors has not been settled; it may be
operative in some cases of Burkitt’s lym-
phoma (another B-cell neoplasm) and
perhaps in other lymphomas.

Finally, osteolytic vitamin D-like sterols
have been mentioned as another humoral
mediator of hypercalcemia. Evidence
for an excess of such sterols in the plasma
of cancer patients has not, however, been
corroborated.

Hypercalcemia unrelated to tumor.
When a patient with known malignancy
develops hypercalcemia, the disturbance
in calcium metabolism is almost always
secondary to the malignancy. In a small
number of cases, however, the hypercal-
cemia will not be related to cancer; thus, it
is always necessary to consider the entire
differential diagnosis of hypercalcemia
(Table 6.3). This is particularly true for the
patient who has had a cancer in the past
and who has apparently been cured. For
example, in the patient who has had a
mastectomy for breast cancer and who
develops hypercalcemia two years later,
the hypercalcemia may represent the
initial manifestation of metastatic bone
disease, but this must not be presumed. In
the patient known to have cancer at the
time hypercalcemia develops (synchro-
nous), the odds that hypercalcemia will
be due to any cause other than malignancy
are small, yet this possibility must be
considered. The cause of hypercalcemia
not related to cancer and most difficult
to establish is concurrent primary hyper-
parathyroidism. A few well-documented
cases of incidental primary parathyroid

Table 6.3 Differential diagnosis of
hypercalcemia

Primary hyperparathyroidism
Malignancy

Vitamin D intoxication
Hypophosphatasia

Addison’s disease
Sarcoidosis

Milk-alkali syndrome
Immobilization

disease have been reported, and these may
provide some helpful clinical clues. For
example, primary parathyroid hyperplasia
is almost invariably associated with de-
creased phosphate and with increased
serum chloride and calcium. The most
critical observation is the comparison of
the clinical courses of the hypercalcemia
and the tumor. If the tumor is responsible
for hypercalcemia, the onset of the latter
condition should come at a time when the
tumor burden has increased. Similarly,

if a patient has a good response to antitu-
mor therapy of any sort and has a reduction
in tumor burden, the hypercalcemia
should become more easily controlled or
should disappear entirely. Any discrep-
ancy between the clinical severity of hy-
percalcemia and the tumor burden should
suggest the possibility that the two are

not causally related and should stimulate
appropriate investigation. In the patient
suspected of concurrent primary hyper-
parathyroidism, selective venous cathe-
terization of the neck and measurement of
PTH concentrations in venous effluent
from both the tumor bed and the parathy-
roid glands comprise the most definitive
diagnostic approach.

Patient C, a 53-year-old woman, was re-
ferred because of jaundice. Seven years
previously she had had a mastectomy, and
four years previously had had a duodenal
ulcer. Physical examination revealed
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nodular cutaneous lesions of the chest
wall, jaundice, and hepatomegaly. Serum
calcium was 12.6 mg% and phosphorus
2.1 mg%. Liver scan was consistent with
metastasis; bone scan was normal. Che-
motherapy was begun; complete regres-
sion of the skin lesions occurred, and her
liver chemistries improved. Serum cal-
cium and phosphorus remained essen-
tially unchanged. A peripheral venous
PTH was at the upper limit of normal,
inappropriately elevated for the serum
calcium. Venous sampling from various
sites revealed PTH production from the
neck but none from the liver. A parathy-
roid adenoma was removed, and subse-
quently the serum calcium and phospho-
rus became normal.

Parathormone-mediated hypercalcemia
(secondary to primary parathyroid dis-
ease) is suggested by decreased phosphate
and increased chloride levels.

Primary parathyroid disease is com-
monly associated with the familial endo-
crinopathies that have neoplastic evolu-
tion; these are referred to as the neuro-
cristopathies. Thus multiple tumors of the
pancreas, adrenal gland, thyroid, and
pituitary are associated with parathyroid
tumors. The multiple endocrine neoplasia
(MEN) syndromes were previously lim-
ited, but other forms of MEN have been
described, including associations with
lung and thymic tumors.

Patient D, a 40-year-old man, presented
with a large mediastinal mass and a serum
calcium of 13 mg%. He underwent explor-
atory thoracotomy and removal of a large
carcinoid tumor of the thymus. Four weeks
later he had three of four hyperplastic
parathyroid glands removed. The medias-
tinal tumor recurred five years later. The
patient’s family was then evaluated: one
daughter and the mother of the propositus

had elevated calcium and variable PTH
levels.

Primary hyperparathyroidism in associa-
tion with malignancy may be related to
multiple endocrine abnormalities and
may be familial.

Spurious hypercalcemia. One must also
consider the possibility of “spurious”
hypercalcemia or an increase in the con-
centration of protein-bound calcium with-
out an increase in the ionized calcium
concentration. Since calcium bound to
protein is biologically inactive, no ill
effects occur from processes that affect
only the protein-bound calcium and leave
ionized calcium unchanged. This situa-
tion is encountered most frequently in
patients with intravascular volume loss.
Cancer patients often have anorexia, nau-
sea, and vomiting secondary to their dis-
ease and its treatment. With decrease
of intravascular volume, the concentration
of serum proteins rises, producing an
increase in the total calcium concentra-
tion. Such increases in calcium are gener-
ally small and will respond immediately
to fluid replacement. Adrenal insuffi-
ciency is associated with hypercalcemia:
its mechanism is thought to be intravascu-
lar fluid depletion. Adrenal insufficiency
is commonly encountered in the patient
who has had long-term corticosteroid
therapy or who takes replacement steroids
after adrenalectomy or hypophysectomy,
and who either abruptly discontinues
steroids or does not increase the steroid
dose appropriately in response to stress.

An interesting case of “spurious” hyper-
calcemia in a myeloma patient has been
reported in which serum-ionized calcium
was normal in spite of severely elevated
levels of calcium (thus the lack of symp-
toms). The increase in total serum calcium
was due to an increased protein-bound
calcium associated with the abnormal
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serum globulin produced by the myeloma
cells.

Immobilization as a cause of hypercal-
cemia is not generally symptomatic.
Nonetheless, patients with bone metasta-
ses may be bedridden because of pain,
and the combination of bone disruption
by tumor and immobilization can accen-
tuate the calcium problem. The only criti-
cal difficulty that develops with immobi-
lization occurs with multiple myeloma. In
this disease, patients must be mobilized
to prevent potentiation of hypercalcemia,
which rarely occurs in the solid (nonmye-
lomatous) tumors.

Patient E, a 69-year-old man, developed a
plasmacytoma of the chest wall and then
rapid dissemination of disease associated
with hypercalcemia (14.3 mg%). Fluids
and corticosteroids reduced the calcium to
11.9 mg% over seven days, but when the
patient ambulated after day seven, the
calcium promptly fell to 9.5 mg%.

Hypercalcemia associated with multiple
myeloma is especially prone to fluctua-
tions related to ambulation.

4.0 Treatment of hypercalcemia

A variety of methods and agents is availa-
ble for the treatment of hypercalcemia

of malignancy. Each has its own mecha-
nisms of action and side effects; thus each
has its own indications and contraindica-
tions. The most important approach to the
patient with hypercalcemia of malig-
nancy is to gain control of the underlying
tumor. A reduction of the tumor burden,
however achieved, will alleviate the hy-
percalcemia. If the reduction in tumor
burden is sufficient, treatment directed at
the serum calcium alone may not need

to be continued. In almost every situation,
effective control of the malignancy will
result in the most complete and durable

control of the serum calcium while pro-
ducing the fewest side effects.

Patient F, a 46-year-old premenopausal
woman, was well for four years after mas-
tectomy when she presented with bone
pain, nausea, and anorexia. A bone scan
showed multiple areas of increased up-
take of the radionuclide. The serum cal-
cium was 14.2 mg%. The hypercalcemia
was treated with six liters per day of intra-
venous normal saline, and the serum
calcium decreased to 13.0 mg%. The pa-
tient then had therapeutic oophorectomy,
and the serum calcium declined to nor-
mal over the first seven postoperative
days. Fluid therapy was tapered and dis-
continued, and the calcium remained
normal.

Treatment of the tumor is the most impor-
tant component of hypercalcemia
therapy.

Itis generally helpful to consider the
treatment of hypercalcemia in two stages.
The first stage is the treatment of newly
discovered or acutely exacerbated hyper-
calcemia. Therapy is usually performed
in the hospital with all the available tech-
nical resources that are required to deal
with an acute, life-threatening problem.
When control of the serum calcium is
achieved, and the patient’s condition has
stabilized, out-patient therapy begins.

At this point, the patient requires a stable
schedule of medications that will control
serum calcium on a week-to-week rather
than hour-to-hour basis.

Patients must be evaluated individually
with respect to the quantitative elevation
of serum calcium, for they have a markedly
variable tolerance to a particular level of
hypercalcemia. Other factors that may
be important are the chronicity of the hy-
percalcemia and the rate of evolution.

A slowly rising calcium may be well toler-
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ated to rather high levels; an acute rise in
calcium can produce symptoms at a lower
level. The total clinical circumstances
must be evaluated to determine how ag-
gressive treatment must be.

Patient G, a 56-year-old woman with
breast cancer metastatic to bone, pleura,
and lymph nodes, had been treated ini-
tially with combined oophorectomy-adre-
nalectomy. After therapy, she had done
well for 18 months but then had progres-
sion of her disease. She was given a trial
of progesterone therapy but experienced
increasing pain. In addition, her alkaline
phosphatase rose sharply to 367 IU per
liter, and her serum calcium rose to 14.3
mg%. There were no symptoms of hyper-
calcemia. She was begun on an antiestro-
gen, tamoxifen, and the pain diminished.
The alkaline phosphatase declined to 204
IU per liter and the calcium became nor-
mal without recourse to the usual calcium-
specific methods.

The quantitative level of hypercalcemia
does not necessarily relate directly to
the secondary clinical symptoms (i.e., a
serum calcium of 18 mg% may be associ-
ated with only mild anorexia).

Some general guidelines for therapy may
be helpful. An elevation of serum calcium
less than 12.5 mg% is often asymptomatic
and readily managed with fluids only;
hypercalcemia of greater than 15 mg%
may be life threatening and generally re-
quires more than one therapeutic agent;
possibly all five will be needed (diuretics,
fluids, steroids, mithramycin, and
phosphates).

Of the various therapeutic options for
hypercalcemia, the one most frequently
used as the initial treatment is the promo-
tion of calcium excretion. This is accom-
plished by the infusion of large quantities
of intravenous fluids that contain sodium.

Saline infusions cause increased urinary
sodium losses, and renal calcium excre-
tion parallels sodium excretion. The other
benefit of this regimen is that dehydration
is corrected. Patients with significant
hypercalcemia generally have anorexia,
nausea, and vomiting and are unable to
concentrate their urine; thus they are
nearly always dehydrated. Restoration of
intravascular volume can produce signifi-
cant clinical improvement. In addition,
correction of dehydration will result in
some lowering of total serum calcium.
The decrease in serum calcium, however,
is due to the lowering of the concentration
of protein-bound calcium and may not
significantly alter the calcium-induced
symptoms.

To increase the rate of calcium excretion
associated with saline infusion, diuretics
are added to the regimen. Thiazides are
contraindicated because they can retard
urinary excretion of calcium and can ag-
gravate the hypercalcemia; furosemide
and ethacrynic acid are the agents of
choice because they increase calcium ex-
cretion. With a combination of intravenous
fluids and diuretics, large volumes of
fluid can be passed through a patient. It is
common to begin with three liters of intra-
venous normal saline or the equivalent
per day and to work up to six or eight
liters, depending upon the patient’s car-
diacreserve. Initial doses of the diuretics
may be 20 to 40 mg of furosemide or 5 to
10 mg of ethacrynic acid intravenously.
This may be repeated hourly if necessary
or escalated to 100 mg furosemide or 40
mg ethacrynic acid.

The potential toxicity of aggressive
fluid therapy is related to iatrogenic fluid
overload. Patients with diminished car-
diac or renal function will not tolerate
such a program and must be treated with a
much lower infusion rate. Even patients
with unimpaired cardiac and renal func-
tion must be closely monitored with fre-
quent vital sign determinations and care-
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ful hour-by-hour accounting of input

and output. For most patients receiving
high volumes of infusate, a central venous
pressure line will facilitate monitoring
and enable earlier detection and correction
of hyper- or hypovolemia. In addition,
patients undergoing this kind of therapy
are prone to losses of other electrolytes
such as potassium and magnesium; serum
levels of these must be carefully moni-
tored and appropriate replacement given.
Urinary concentrations of electrolytes
provide an easy indication of the appro-
priate rate of replacement, but usually the
regimen is constantly changing, and the
utility of these measurements is then
limited.

Serum potassium is commonly decreased
in patients with malignancy and hyper-
calcemia so that diuretic therapy must be
associated with simultaneous potassium
replacement.

Patient H, a 58-year-old woman, had had
a modified radical mastectomy for carci-
noma of the breast. She had been well

for four and one-half years after which
liver and bone metastases appeared. Con-
currently, the serum calcium rose to 14.6
mg%. She was admitted to the hospital,
and intravenous fluid therapy was begun
with five percent dextrose in half-normal
saline at a rate of four liters per day. Furo-
semide was added to the regimen to main-
tain fluid balance. In spite of the addition
of 40 mEq of KCL to each liter of infusate,
the serum potassium fell to 3.1 mg per
liter. Further potassium supplementation
was given orally. The serum calcium

fell to 11.0 mg%; serum potassium rose to
3.5 mEq per liter.

Aggressive fluid therapy requires con-
stant vigilance and is potentially hazard-
ous. Furthermore, its effect on serum
calcium, although often dramatic, is tran-

sient, and serum calcium will begin to

rise within a few hours after discontinuing
treatment. Therefore, fluid therapy can

be only an initial step in gaining control
of the serum calcium and must quickly be
replaced by another treatment modality.

An alternative to saline infusion is the
use of sodium sulfate infusion. With this
preparation, a sulfate-calcium complex
that is nonreabsorbable forms in the urine;
the additional effect of the natriuresis
makes sulfate infusion more potent than
saline infusion. A disadvantage of sulfate
infusion is its lack of ready availability
in most pharmacies. Isotonic sodium
sulfate is generally used and is prepared
as 38.9 g of sodium sulfate decahydrate
per liter. Generally, one to three liters are
infused per day; greater volumes can be
used for very severe cases. Because of the
greater potency and the generally smaller
volumes required with sulfate, the prob-
lems associated with massive saline infu-
sions are avoided. The side effects of sul-
fate infusion are generally similar to those
of a saline infusion at a similar rate. There
may be a tendency toward the develop-
ment of hypernatremia, but this is gener-
ally not symptomatic.

The administration of inorganic phos-
phate provides a rapid and dose-depen-
dent decrease in serum calcium by pro-
moting precipitation and deposition of
calcium into bone. An intrinsic advantage
of phosphate therapy is the availability
of dose forms for intravenous, oral, and
rectal administration. Intravenous phos-
phate is reserved for initial management of
acute hypercalcemia and has largely been
supplanted by other agents such as mith-
ramycin but oral phosphate is ideal for
chronic out-patient therapy. In calculating
doses, care must be taken to distinguish
between phosphorus and phosphate. The
contents of pharmaceuticals are often
listed as milligrams of phosphate, while
doses of these preparations are generally
given in milligrams of phosphorus. In
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addition, pharmaceutical preparations
differ in the cations that accompany the
phosphate anion; one can choose from
products containing only sodium, only
potassium, or both.

Phosphate therapy is generally well
tolerated. Some patients taking oral phos-
phate may have diarrhea, particularly
during the first few days of treatment, but
this is generally self-limited and may be
avoided by slowly accelerating the dose.
Shock and renal failure due to cortical
necrosis have been reported as conse-
quences of intravenous phosphate. Infre-
quently, the major complication of phos-
phate therapy is the development of
metastatic calcification. The role of phos-
phate therapy in producing metastatic
calcification is difficult to evaluate, as hy-
percalcemia is also a cause of calcium
deposition in soft tissues. There are no
means to ensure that metastatic calcifica-
tion will not be aggravated by phosphate
therapy, but to minimize the problem, the
serum phosphate concentration is used
as a guide to phosphate dose. For a given
calcium concentration, a higher serum
phosphate level will be associated with an
increased risk of the complication. Thus
the patient with hyperphosphatemia has a
relative contraindication to phosphate
therapy. In general, one can start with a
dose of 1000 mg inorganic phosphorus
daily for intravenous use and 1500 mg
daily for oral or rectal administration.

Patient I, a 59-year-old man with laryngeal
carcinoma that was metastatic to the
lung, had chronic hypercalcemia with a
serum calcium concentration of 12 to

13 mg% and a serum phosphorus in the
low normal range. He had had no symp-
toms related to hypercalcemia but with
advancing disease he became depressed,
and intravenous fluids were required to
maintain adequate intake. He was started
on oral phosphate and received 1.5 g of
elemental phosphorus per day. Over five

days, the serum calcium fell from its pre-
vious value to 11.4 mg%. The patient
became more alert, began to drink suffi-
cient fluids, and eventually was
discharged.

Phosphates may be associated with meta-
static calcification and diarrhea but are
the most useful agents for out-patient
management, particularly with diuretics.

The effectiveness of corticosteroids in
hypercalcemia of malignancy is debatable,
and the steroid suppression test (to distin-
guish primary hyperparathyroidism) is
in disrepute. Steroids are undoubtedly
effective in cases where the underlying
tumor is responsive to the drug, in which
case the hypocalcemic effect is due to
antitumor action. Data also indicate, how-
ever, that steroids can inhibit prostaglan-
din synthesis in animal tumors, thus sug-
gesting a more direct effect on calcium
metabolism. Steroids also reduce absorp-
tion of calcium in the gut and increase
renal excretion of calcium, but these are
not dramatic effects. The usual dosage
is 60 mg of prednisone (or equivalent) per
day in divided doses. The maximal hypo-
calcemic effect will be seen within four to
five days. Because of the toxicity of ste-
roids and their disputed effectiveness,
they are reserved for cases in which a di-
rect antitumor effect is anticipated, as
for lymphoma, or for secondary or tertiary
therapy, where other measures have
failed.

Mithramycin, an antibiotic derived
from Streptomyces plicatus, was devel-
oped as a cytotoxic agent that has particu-
lar activity against certain testicular carci-
nomas, but it directly affects the skeleton
where it inhibits bone resorption. Because
of this site of action, the drug is useful in
all cases of hypercalcemia of cancer re-
gardless of the pathophysiologic mecha-
nism. The drug is given in a dosage of
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25 mcg/kg intravenously as a “push” or
infused over a few hours. The initial fall in
serum calcium can be observed in 6 to 12
hours, and the maximum hypocalcemic
effect will be seen by 24 to 48 hours after a
dose. The effect can last from two days

to several weeks. Mithramycin toxicity can
be severe.

When the drug was first investigated as
an antitumor agent, doses of 25 to 50 mcg/
kg were used daily for five days. Toxicities
included nausea and vomiting, fever,
encephalopathy, and bleeding diathesis.
Thrombocytopenia and prolongation
of the prothrombin time were common.
Azotemia occurred due to damage of renal
tubular epithelium, but the toxicity was
markedly reduced if the drug was given
every other day. Therefore, daily doses of
mithramycin must be avoided, but weekly
or twice-weekly therapy is generally pos-
sible. Hypocalcemia is not often seen with
mithramycin therapy but may develop
surreptitiously. When used with prudent
cautions, mithramycin is safe and de-
pendable and is a mainstay of therapy for
hypercalcemia.

Patient ], a 64-year-old man with meta-
static hypernephroma, had severe muscle
weakness due to hypercalcemia. Initial
therapy with intravenous fluids and di-
uretics failed to lower the serum calcium
to normal levels. Oral therapy with phos-
phate, indomethacin, and steroids also
failed to decrease his serum calcium by
day seven. Mithramycin was begun with
intravenous bolus doses of 25 mcglkg, and
twice-weekly doses were necessary to
control the serum calcium without other
thrapy. He was maintained on this regi-
men as an out-patient, and his calcium
levels were monitored on a weekly basis.

A major concern in using mithramycin
as a hypocalcemic agent is the additive
effect with the secondary introduction of
cytotoxic antitumor chemotherapy. As

mithramycin is a myelosuppressive drug,
the marrow effect may be accentuated.

Patient K, a 56-year-old man, had exten-
sive bladder cancer with bone metastases
and a serum calcium of 15 mg%. The
calcium was resistant to steroids and
fluids, and the patient received mithra-
mycin; his calcium fell to 10.5 mg% by
day 3. On day 7, the patient received cy-
clophosphamide and Adriamycin at full
therapeutic doses; on day 12 he developed
severe leukopenia and thrombocyto-
penia.

Mithramycin should not be used without
dose adjustment to treat hypercalcemia
in association with cytotoxic chemo-
therapy.

Patients with bone metastases have a
decreased marrow reserve related to tumor
replacement, and the addition of multiple
cytotoxic drugs is @ major physiologic
insult.

The potential role of prostaglandins in
the production of hypercalcemia of malig-
nancy has already been discussed; drugs
that inhibit prostaglandin synthesis may
be potent hypocalcemic agents in such
cases. Although measurements of prosta-
glandins and their metabolites in serum
and urine are not generally available,
indomethacin and aspirin may deserve an
empiric trial for any patient with hyper-
calcemia, as the side effects are minimal.
Beneficial effects of these drugs have been
observed in patients with hypercalcemia
presumably mediated by the antiprostag-
landin effect. Any effect will be seen
within three or four days of therapy, so
that if no clinical improvement is ob-
served, the drugs can be discontinued.

Prostaglandin-blocking agents (indo-
methacin and aspirin) should not be used
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for patients with hypercalcemia second-
ary to bone metastases but should be used
only when a hormone mediator is
suspected.

Aspirin has a less potent effect on pros-
taglandin synthesis; it is given in dosages
of 1.8 to 4.8 g per day. Although its side
effects are quite familiar, special mention
should be made of its deleterious effect
on platelet function; this is particularly
hazardous for a patient who already has
thrombocytopenia from tumor invasion of
bone marrow or from antineoplastic ther-
apy. Indomethacin is given in dosages
of 75 to 150 mg per day in three divided
doses. The most common side effects
are gastritis and gastrointestinal ulceration
with bleeding; these can be avoided in
some cases by giving the drug with meals
or an antacid. A variety of other side ef-
fects has been seen, notably blood
dyscrasias.

Calcitonin, a hormone derived from the
C cells of the thyroid, is secreted in re-
sponse to hypercalcemia, and causes sub-
sequent lowering of serum calcium and
phosphorus. Like mithramycin, the mech-
anism of action is inhibition of bone re-
sorption. Experience with this agent for
patients with hypercalcemia of malig-
nancy has been limited, although the re-
sponse rate has been high. If the results of
two series are combined, 22 of 26 patients
showed a hypocalcemic effect with calci-
tonin therapy, and essentially no side
effects occurred. The responses were in-
complete, and the duration of action was
quite short, so that even with the prepara-
tion having the longest duration of action
(salmon calcitonin, 200 to 400 MRC units
per day), administration at six-hour inter-
vals is required. Therefore, the usefulness
of calcitonin is confined to the hospital
setting, where other more effective agents
are available. This drug has not been ap-
proved by the U.S. Food and Drug Admin-

istration for the treatment of hypercal-
cemia.

Serum calcium can be reduced quickly
and dependably by dialysis, but this is
rarely necessary. For most patients, one or
another of the above agents will provide
an effective and safe means of control.

In the rare patient for whom all of these
measures are contraindicated or ineffec-
tive, dialysis for control of serum calcium
may be helpful, although temporary. For
the hypercalcemic patient receiving dial-
ysis for a more conventional indication,
the use of a calcium-poor dialysis fluid
may provide an additional benefit in con-
trol of the serum calcium.

A sequential approach to the treatment
of hypercalcemia is crucial, and the indi-
vidual therapeutic modalities should
be employed in sequence. The physician
should first establish the effectiveness of a
program to preclude adverse effects of
complex drugs. Therapeutic response may
indicate the pathophysiologic mechanism
of hypercalcemia. The time until antici-
pated response of the calcium level is
of some importance in the determination
of when to advance to the next level of
therapy (Table 6.4).

Table 6.4 Time until response* of
hypercalcemia to various agents

Saline and diuretic 6—12 hours
Sulfate 6—12 hours
Phosphate (IV) 6—12 hours
Mithramycin 12—36 hours
Phosphate (oral) 2—4 days
Steroids 3-5 days
Indomethacin 3-5 days
Aspirin Variable

*Response defined as a decrease in calcium level,
but not necessarily to a normal level.
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The specific sequence of therapy for
hypercalcemia depends on the quantita-
tive calcium level, a quantitative evalua-
tion of the symptoms, the mechanism of
hypercalcemia, the type of tumor produc-
ing it, and the pattern of metastases if
present. Acutely decompensated patients
are generally treated with fluids, diuret-
ics, and phosphates, in that order. Resis-
tance of the calcium level is then treated
by steroids or mithramycin. In chronically
or minimally symptomatic patients, the
use of prostaglandin antagonists or a trial
of tumor-specific therapy should be em-
ployed. A summary of the sequence of
therapy is described in Table 6.5.

5.0 Other Disorders of Calcium
Metabolism

In addition to the hypercalcemic syn-
dromes, other disorders of calcium metab-
olism may be observed. Hypocalcemia

can develop as a consequence of protein
catabolism and inanition, which is a com-
mon accompaniment to the cachexia syn-
drome of cancer. The hypocalcemia is
generally preterminal and is not of clinical

importance. One consequence of hypocal-
cemia is the development of secondary
clotting abnormalities with bleeding or
hemorrhage, but this effect is rare. For the
most part, the etiology of hypocalcemia

is difficult to assess in the multifactorial
preterminal state. Calcium supplements,
however, are a common and important
aspect of alimentation regimens designed
to augment total body mass and immuno-
logic function.

Calcitonin is involved in the normal
physiologic mechanism by which calcium
levels are regulated in conjunction with
parathormone. In patients for whom calci-
tonin levels are elevated, such as those
with medullary tumors of the thyroid,
hypocalcemia almost never develops.
Furthermore, in the occasional patient
with ectopic secretion of calcitonin re-
ported with oat cell carcinoma, hypocal-
cemia has not been observed.

6.0 Summary

Hypercalcemia represents one of the most
common metabolic complications of ma-
lignancy and may be observed in the spec-

Table 6.5 Therapeutic sequence for hypercalcemia

Calcium level

-
10-12 mg% 12—-15 mg% 15 mg%
Asymptomatic Moderate symptoms Life-threatening

(genitourinary tract only)

(gastrointestinal tract)

(central nervous system)

v

Indomethacin Saline Saline + diuretics
\’ v \
Steroids Diuretics Phosphates
% \7
Phosphates Mithramycin

\’

Corticosteroids

\’

Mithramycin
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trum of cancers including epithelial, mes-
enchymal, and lymphatic tumors. The
pathophysiologic mechanism leading to
hypercalcemia is most commonly associ-
ated with direct physical dissolution

of the osseous structure as a consequence
of invasion of the bone, and it is rare that a
tumor-secretory product capable of induc-
ing dissolution of bone can be identified.
The range of clinical presentations of
hypercalcemia emphasizes the need to
monitor calcium frequently, particularly
in patients with bone lesions. A special
clinical circumstance not alluded to in
this chapter is the hypercalcemia that
evolves as a consequence of therapeutic
intervention, particularly in hormone-
sensitive breast cancer. The clinical signs
and symptoms of hypercalcemia may be
subtle or flagrant, but with no direct corre-
lation of the quantitative level of calcium
with the degree of symptomatology sec-
ondarily induced.

The many therapeutic approaches to
hypercalcemia involve an increasing
degree of potential complications or sec-
ondary effects, but the hypercalcemia
can almost always be controlled by one
method or another with mithramycin, the
final common therapy. The crucial factor
in hypercalcemia, however, is tumor con-
trol, and for many of the common tumors
associated with elevated calcium (breast
cancer, prostatic cancer, and multiple
myeloma) effective antitumor therapy is
available. For epidermoid carcinoma,
renal cell carcinoma, and most other tu-
mors, however, the tumor-specific therapy
is limited.
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1.0 Background

Although primary bone tumors are rare,
metastatic tumors involving bone are
common, and their incidence increase
with age. As many as 60 percent of cancer
patients will be found to have osseous
metastases at autopsy, although only about
30 percent will have had symptoms of
osseous metastases while alive. The
symptomatic osseous metastases lead to
the disabling complications that prevent
independent functioning. Early detection
and introduction of appropriate therapy
depend on awareness of the potential

for osseous complications.

Osseous lesions, whether primary or
metastatic, create problems for the patient
in four ways. First, they commonly cause
pain. Second, their ability to destroy or
weaken the bone structures can lead to
fracture under normal loads and to sec-
ondary loss of function. Third, these tu-
mors may interfere with such surrounding
structures as spinal cord, peripheral
nerve, muscle, or ligament. This interfer-

ence may occur through direct invasion of
the lumbar or brachial plexus, by indirect
pressure on the spinal cord, or by me-
chanical collapse and secondary loss of
function (see also Chapter 5). A fourth
effect of bone metastases is related to
medullary cavity involvement. There may
be such extensive replacement of bone
and marrow by tumor that the normal
hematopoietic system is crowded out,
leading to leukoerythroblastic changes.
All patients with bone metastases have a
limited bone marrow reserve.

It is clear that the orthopedic manage-
ment of these patients depends on general
principles of cancer therapy. These prin-
ciples include early clinical recognition of
the problem, comprehensive radiologic
evaluation, and multidisciplinary plan-
ning of therapy, including specific man-
agement of the tumor both systemically by
chemotherapy and locally by radiation
therapy and/or surgery. The critical or-
thopedic factor in the treatment of osseous
complications of malignancy, which is
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not part of the treatment of other visceral
complications, is the need for external

or internal fixation to “‘carry the load” for
the diseased bone during antitumor treat-
ment and osseous healing.

Considerable progress has been made in
the past ten years toward both external
and internal support systems for bones.
Casting materials have improved, al-
though plaster of Paris remains the
standby. Removable splints or braces (or-
thotics) are superior to those available
only a few years ago. Internal stabilization
of long, weight-bearing bones after patho-
logic fracture has improved substantially
because of both new metallic devices and
the use of “bone cement,” methylmethac-
rylate, as a spacer and local support. Pro-
phylactic fixation prior to fracture is used
more commonly and has been successful
in reducing patient morbidity.

Furthermore, adaptation of joint re-
placement methods from arthritis surgery
has given functional limbs to patients
with tumor involvement of hip, knee, and
shoulder joints. Segmental resection,
coupled with aggressive chemotherapy
and radiation of primary bone or soft
tissue sarcoma, can spare limbs that previ-

ously required amputation. Finally, such
experimental orthopedic methods as ca-
daver transplantation of bones and joints
and artificial long bones, particularly
the femur and tibia, are developing.

The primary site sources of metastatic
bone tumors differ between men and
women. For men, in decreasing order of
frequency, the primary tumors of the lung,
prostate, gastrointestinal tract, and thy-
roid gland are commonly associated with
osseous metastases. For women, the pri-
mary tumors of the breast, lung, gastroin-
testinal tract, and thyroid are the most
common tumors metastic to bone. Both
breast and prostatic cancer, two hormone-
responsive epithelial tumors, develop
bone metastases in up to 80 percent of pa-
tients (Table 7.1). These account for more
than half of osseous metastatic lesions.
Although renal lesions have a high fre-
quency of bone metastases, the relative
incidence is low compared with that of
gastrointestinal cancers.

Bone metastases may be radiologically
osteoblastic or osteolytic, but all osseous
lesions are a combination of osteolysis
and osteoblastic reaction to the tumor.

Table 7.1 Relative incidence and frequency of clinical

bone metastases

Frequency of

Relative bone

Primary cancer site incidence metastases
Breast 60%

60% ?
Prostate 80%
Lung 25% 30%
Gastrointestinal 10% 5%
Renal Cell 3% 25%
Other* 2% —

*Includes thyroid, melanoma, and lymphoma and other rare or uncommon

tumors.
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Osteoblastic bone lesions occur with
breast, prostate, lung, kidney, and thyroid
primary tumors but may occur with tu-
mors from any source.

Tumors commonly producing an osteo-
blastic bone reaction are breast, prostate,
renal cell, lung cancer, and the hemato-
logic malignancies, such as lymphoma.
Thyroid and gastrointestinal carcinoma
also produce osteoblastic lesions radio-
graphically, as do carcinoid tumors meta-
static to bone. The common denominator
for most of the osteoblastic- or sclerotic-
appearing bone metastases is the slow
growth of the lesion, which allows the
bone-forming cells to react to the presence
of the tumor. Thus, breast, prostatic, and
particularly thyroid cancers may implant
in the cortical bone and grow slowly. The
only tumor that produces little or no os-
teoblastic reaction is multiple myeloma.
One reason for this may be that the tumor
is derived from native osseous cells
within the marrow cavity and does not
seem to elicit an osteoblastic reaction. In
fact, there have been fewer than 50 re-
ported cases of osteoblastic multiple
myeloma.

Osteoblastic and osteolytic lesions are
radiographically and clinically distinct.
Osteoblastic lesions less commonly pro-
duce pain than do osteolytic lesions. This
may be related to the fact that osteoblasts
maintain the supporting structure of the
bone without expanding the periosteum,
which is the primary mechanism for pain
production in bone lesions.

Osteoblastic lesions are less frequently
associated with pain than osteolytic
lesions.

Pathologic fractures are also less common
in a bone in which osteoblastic reaction
to the tumor is present. It is important,

however, to recognize that sclerotic bone,
laid down in reaction to tumor, is not
deposited along the lines of mechanical
stress, as is normal bone deposition to

a fracture site, but it encapsulates the
tumor resulting in a mechanically com-
promised bone. Orthopedic management
is therefore directed at insuring support,
even in the absence of pain.

The spine is the most common site for
implantation of osseous metastases, fol-
lowed in decreasing frequency by the ribs,
pelvis, proximal ends of the long bones,
sternum, and the cranial vault. The sites of
metastases may be influenced by the dis-
tribution of blood, although skeletal me-
tastases are more common than would be
predicted from the relatively low flow
rate of blood to bone. The anatomical dis-
tribution of blood may influence tumor
emboli to implant in bone. Batson demon-
strated that the vertebral venous system,
which has no one-way valves, communi-
cates freely with the caval, portal, azygous,
and pulmonary venous systems. When
intrathoracic or intra-abdominal pressure
is increased by coughing, sneezing, or
straining at stool, a reversal of blood flow
can occur into the venous vertebral sys-
tem. Thus, the Batson plexus provides a
series of passageways by which cancer
cells, in addition to the arterial hematoge-
nous route to the bone, can be seeded
directly into the bones, bypassing the liver
and lungs.

The skeleton is divided structurally and
functionally into two overlapping compo-
nents. The bone marrow cavity functions
as a reservoir for hematopoietic stem cells
to proliferate and mature. Surrounding
the marrow, or medullary cavity, is the
bony cortex, which provides the support-
ing structure for the whole organism.

The vascular supply traverses both com-
ponents of the osseous system, and in-
creases the likelihood of marrow involve-
ment in radiographically demonstrable
bone lesions.
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Cortical osseous lesions are universally
associated with infiltration of medullary
bone marrow.

Secondary or metastatic tumors are
more common than primary tumors, but
the latter affect a younger population
and are occasionally radiographically
confused with solitary bone metastases.
The three common bone tumors are osteo-
genic sarcoma, Ewing’s sarcoma, and
chondrosarcoma (Table 7.2). Osteogenic
sarcoma, a tumor of young adolescence, is
usually a lesion of the extremities. It has
been associated in adults with long-stand-
ing Paget’s disease and as a carcinogeni-
cally induced tumor, secondary to radia-
tion in patients with previous breast
cancer or with retinoblastoma. Ewing’s
sarcoma is a primary bone tumor of older
adolescence and commonly disseminates
to the lungs and lymph nodes. Thus, un-
like osteogenic sarcoma, Ewing’s tumor is
not usually managed by amputation. Both
osteogenic sarcoma and Ewing’s sarcoma
may be manifest as primary extraosseous
tumors of the soft tissue, as well as intrin-
sic tumors of the bone. Chondrosarcoma,
unlike the other two tumors, characteristi-
cally develops in older people and is
commonly found in the appendicular
skeleton. These tumors generally grow
slowly and recur locally. It is critically
important to distinguish primary bone tu-

mors from metastatic bone tumors, and

to use radiographic features of the osseous
lesion in the determination. Another im-
portant tumor in this age group is the
benign giant cell tumor of bone which
recurs locally, and is only rarely metastatic
to other bones or extraosseous sites (Fig.
7.1).

2.0 Diagnosis and evaluations of bone
lesions

Osseous lesions may present either syn-
chronously at the time of the primary
tumor or metachronously at some interval
following detection and treatment of the
primary tumor. The principal symptom of
metastatic bone tumors is pain, which
may be characteristic but is more often
nondescript. Typically, the pain, which
begins as mild and intermittent, gradually
becomes more frequent, more severe,
and lasts longer. It is often localized and
is usually worse at night. Like the pain
of arthritis, it is often activity related and
responds to changes in barometric pres-
sure, and may be responsive to such stan-
dard antiarthritic remedies as salicylates.
Localized bone pain, in a patient with a
known malignancy, must be assumed
to be caused by the tumor. Such benign
processes as arthritis, Paget’s disease, and
osteomyelitis, or even incidental non-
pathologic fractures, are other diagnostic

Table 7.2 Clinical features of the three common primary bone tumors

Primary bone tumors Ageinyears Location Primary origin  Metastatic sites
Osteogenic sarcoma 10-30 Metaphysis  Femur, tibia Lung
Chondrosarcoma 30-50 Variable Femur, pelvis, Local

ribs
Ewing’s sarcoma 4-20 Shaft Femur, tibia Lymph nodes, lung,

bone, central
nervous system
(possibly)
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Fig. 7.1 Radiograph of knee of a patient
with a giant cell tumor of medial aspect of
distal femur with sclerotic margins.

possibilities. Extraosseous diseases may
also cause referred pain; for example,
hepatic tumors may cause shoulder pain,
and retroperitoneal tumors in the psoas
muscle may lead to hip or thigh pain.
Postherpetic neuralgia, or shingles, with
or without a cutaneous rash, may also
mimic bone pain. Finally, bone pain may
develop secondary to a tumor-associated
process, such as hypertrophic pulmonary
osteoarthropathy. The presence of an
osseous lesion in a patient with definite or
possible malignancy does not by defini-
tion mean metastases to the bone. If the
bone lesion is solitary, surgical biopsy is
mandatory.

Patient A, a 70-year-old man, had chronic
pulmonary disease and routine chest x-

ray demonstrated a solitary nodule with
irregular borders presumed to represent
cancer. The pulmonary lesion was surgi-
cally operable and potentially curable,
but the metastatic series showed a solitary
lesion of the humerus that was typical

for metastases. Open surgical biopsy,
however, failed to demonstrate tumor, and
the patient underwent exploratory
thoracotomy.

Biopsy is necessary for solitary bone le-
sions, even with prior malignancy, to
establish histopathologic confirmation.

The mechanism of pain production by
bone lesions is important in planning
therapy. The pain may be produced by
interruption or stretching of the perios-
teum, which is replete with multiple nerve
plexi over the bone, or the pain may be
secondary to a structural defect in the
cortex that compresses neural structures.
This distinction is important because pain
from loss of structural integrity may per-
sist even after effective tumor therapy.

In this setting, structural support using
braces or other forms of external immobi-
lization may be necessary. An important
aspect of bone pain is the consistency

of the pain. A sudden alteration of pain
often indicates a pathologic fracture com-
plicating a cortical bone lesion.

Patient B, a 55-year-old man with lung
cancer, developed a painful solitary bone
lesion in the left hip, which was not de-
tectable by standard radiographs although
it was evident by bone scan. He was
treated with local radiation therapy, but
after five fractions had a sudden increase
in the intensity of the hip pain. Radio-
graphs demonstrated a fracture of the fe-
moral neck, and surgical placement of
an endoprosthesis immediately relieved
the pain (Fig.7.2).
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Fig. 7.2 Pathologic fracture through the
base of the femoral neck (Patient B).

Acute increase in the intensity of localized
pain is indicative of a pathoelogic
fracture.

One unique form of bone pain associated
with metastatic lesions is that of diffuse
whole-body pain associated with intra-
cavitary or intramedullary metastatic
tumor. This clinical pattern of pain is
unique and often so intense that the pa-
tient cannot tolerate even the weight of
light clothing or of bed sheets and requires
absolute immobility. This type of pain is
typical of patients with melanoma, meta-
static to bone and bone marrow. The diag-
nosis may be established by a bone mar-
row biopsy, even when radiographic
studies are normal.

Physical examination is important in
localizing the critical lesion and in choos-

ing the appropriate orthopedic treatment.
Particular attention to areas of localized
bone tenderness and to pain associated
with motion of joints is indicated. Exami-
nation should include the range of active
and passive motion of the local area, in-
cluding joints above and below the sus-
pected lesion. These measurements will
provide a basis by which to judge the
effectiveness of therapy. Testing for
strength and coordination and observing
gait and upper-extremity function will
help to localize osseous lesions and permit
objective determination of progress.
Weakness in one muscle or muscle group,
such as the quadriceps, suggests either
neurological involvement or direct muscle
invasion by tumor. Generalized and asym-
metrical weakness in an extremity sug-
gests atrophy from the underlying disease
or limitation of motion due to pain. Neu-
rologic testing, including sensory and
reflex testing, is vital in metastatic lesions
of the spine because changes in the neuro-
logic status may signal the onset of spinal
cord compression. Observing how pa-
tients move, whether they can get on and
off examining tables or tie their shoes,
often helps decide what ancillary help,
such as braces or a walker, may be useful.

The diagnostic evaluation of malignant
bone lesions involves radiographic studies
designed to evaluate the extent of disease
and to define precise sites. The standard
radiographic survey or metastatic series
can establish the presence of lesions for
those patients with pain, if the lesions are
advanced and involve more than 50 per-
cent local bone resorption. Tomography of
a localized area of pain may be employed
to delineate the precise extent of the
tumor. Rarely can tomography define a
bone lesion when standard radiographs
cannot, but it may help to evaluate isolated
or solitary lesions identified by bone scan-
ning in such radiologically obscure areas
as the sacrum.

The radionuclide scans of bone and



Osseous Complications of Malignancy

103

bone marrow are separate studies that use
different radionuclides; technetium pyro-
phosphate localizes within cortical osteo-
blasts, indium in the marrow reticuloen-
dothelial system. Radionuclide scanning
allows detection of disease at an earlier
stage than do standard radiographs, and
bone lesions can be evaluated within

the entire skeletal structure.

Bone scans are more effective than stan-
dard radiographs in detection of meta-
static lesions.

The superior sensitivity of bone scanning
is shown by the appearance of lesions

on a scintiscan three to six months before
radiographic visualization. The bone
scan, while more sensitive than the radio-
graphs, is nonspecific for tumor growth.
The radionuclide scan may be inaccurate
and may not detect disease when there

is minimal osteoblastic response, such as
in multiple myeloma. Furthermore, when
bone metastases are symmetrical and
homogeneous, there is no focus or “hot
spot.” This occurs occasionally in pros-
tatic or breast cancer when bone becomes
homogeneously osteoblastic, and the
entire bone skeleton is involved.

The use of radionuclide scanning to
monitor patients with known malignancy
of the bone is not advocated because the
anatomic contour of the lesion is more
precisely defined by standard radiographs.

Standard radiographs are more effective
than bone scan as a monitor of therapy.

The bone scan may demonstrate persistent
or even increased osteoblastic activity
with tumor regression representing an os-
teoblastic healing process (Fig. 7.3).
Another diagnostic procedure, particu-
larly for solitary bone lesions, is arteriog-

raphy, which defines the precise extent of
disease and the tumor vascularity and
may be therapeutic by allowing access to
perfuse the tumor with fragmented gel
foam sponges to induce thrombosis and
allow for better control of hemorrhage
during an operation.

Closed bone marrow biopsy may be
diagnostic for patients with unusual bone
pain and can evaluate lesions that are
surgically inaccessible. Osseous lesions
are almost always multiple and associated
with bone marrow invasion, and marrow
biopsy is highly pathologic. When the
biopsy is performed near the radiographic
lesion, the diagnosis may be confirmed
for most patients. Even when lesions do
not involve the pelvis radiographically,
standard iliac crest biopsy may render
a diagnosis.

Bone marrow biopsy in standard sites
(anterior or posterior iliac crest) may
yield diagnostic information even in the
absence of specific site involvement.

Biochemical evaluation of bone lesions by
serum alkaline phosphatase, calcium,
and phosphate determinations, or urinary
excretion of hydroxyproline has been
erroneously advocated as a diagnostic
screen and monitor of bone tumors. These
tests are nonspecific and are neither diag-
nostic nor quantitatively relevant since
fluctuations may be related to physiologi-
cal or other nonmalignant disease pro-
cesses. They are collectively of little use
in monitoring patients with bone
metastases.

A summary of the diagnostic procedures
for osseous lesions is reviewed in Table
7.3. The most critical procedure is the
simple diagnostic radiograph, which de-
fines the lesion in most patients. The
ancillary procedures are quantitative as-
sessments and are used only in special
clinical circumstances.
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Fig. 7.3 Healing osteoblastic reaction may
be indistinguishable from osteoblastic
reaction to tumor destruction but the local

3.0 General principles in orthopedic
management of osseous lesions

The orthopedic management of malignant
osseous lesions focuses on the relief of
pain secondary to pathologjc fracture, the
promotion of stability and organ function,
and the prevention of secondary osseous
complications. Osseous lesions are com-
mon sites of metastases and, although

not life threatening, may produce major
pain requiring palliation. Orthopedic
management must be integrated with
tumor-specific therapy to increase the pal-
liative effect.

The orthopedic considerations for os-
seous lesions producing either instability
or pain must involve life expectancy and
prognosis. The median survival time of

healing areas are often spherical. Note
osteolytic areas (A) with secondary depo-
sition of bone matrix (B).

pathologic fracture in one large study of
metastatic osseous lesions was 37 months;
therefore, fixation for pain relief and sta-
bility are necessary to maintain the pa-
tient’s life style. Other critical factors
in determining management include the
type of primary tumor, the specific site
of the osseous lesion, and the local and
distant extent of the tumor. The specific
therapy for the pathologic fractures in-
volves immobilization and stabilization,
reconstruction with either closed or open
surgical reduction, and fixation supple-
mented by local radiation. The tumor-spe-
cific therapy, radiation, may either pre-
cede or follow the orthopedic procedure.
Internal fixation has been improved
by the development of the exothermic ce-
ment, methylmethacrylate, which insures
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Table 7.3 Diagnostic procedures for malignant bone lesions

Procedure

Purpose

1. Standard radiographic procedures
Radiographic survey
Radionuclide scan
Tomography

2. Invasive procedures
Myelography
Arteriography

3. Other procedures
Bone marrow biopsy

Biochemical studies (e.g., alkaline
phosphatase)

Detection and monitoring
Detection
Delineation of occult lesions

Detection of spinal cord compression
Delineation of local disease and
hemorrhage control

Diagnosis of unexplained bone pain
or inaccessible bone lesion
Nonspecific

the stability of fragments and locks the
prosthetic device within the osseous
structure. When this is employed as an
adjunct to internal fixation, 95 percent of
patients who are ambulatory prior to frac-
ture, will regain the ability to walk. Meth-
ylmethacrylate does not inhibit the heal-
ing of fracture sites, and even for large
cortical defects and for periosteal, callous,
and new bone formation it will fill the
gaps. It is chemically inert, and the toxicity
of the monomer and the exothermic reac-
tion is minimal. The substance is intro-
duced into the intramedullary cavity
to form a cast, and the internal fixation
device is inserted into the cast while the
cement is still semisolid. Its solidification
reinforces the fixation device to the bone.
Structurally inadequate bone may be
resected and replaced with methylmeth-
acrylate to bridge the fracture site, thus
acting as a permanent spacer and provid-
ing stability independent of the metallic
fixation device.

Tumor control with radiation therapy is
also essential to the local management
of the pathologic fracture site. Radiation
therapy necessarily affects the osteoblasts

as well as the tumor, and may therefore
inhibit healing at local sites. Healing
following radiation therapy may not be
radiographically evident for more than six
months. Unlike radiation, chemothera-
peutic drugs, and hormonal therapy in
particular, do not interfere with osteoblas-

Table 7.4 Responsiveness of bone
metastases to local radiation and systemic
therapy

Response to therapy

Primary tumor Radiation Systemic

Breast ++++ +++
Prostate ++++ +++
Renal ++ -
Lung ++ +
Gastrointestinal ++ +/—
Hematologic +++ +++
+ = response

— = noresponse

+/— = equivocal response
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tic activity and therefore the use of these
forms of systemic therapy may be impor-
tant. Since bone lesions are rarely solitary,
systemic therapy is usually indicated.

The response to local radiation or systemic
therapy depends on the primary tumor
type. All tumors are at least partially re-
sponsive to local radiation; systemic ther-
apy affects many but not all metastatic
lesions (Table 7.4).

Malignant lesions of the bone, whether
metastatic or primary, may be divided
into two anatomical groups: (1) metastatic
lesions of the appendicular skeleton (long
bones) with or without pathologic fracture,
and (2) metastatic lesions of the axial
skeleton with or without pathologic
fractures.

Certain orthopedic considerations apply
to both groups, and the critical issue is
that of surgical or nonsurgical orthopedic
treatment. The general aims of treatment
are palliation of pain, maintaining reason-
able function coupled with local or sys-
temic tumor therapy, and secondarily,
promoting healing of the local bone defect.

Current surgical techniques allow fixa-
tion either prophylactically or after frac-
ture of virtually all metastatic lesions
in the pelvis and long bones. The use of
rods, plates, and hip, knee, and shoulder
replacements in addition to the use of
bone cement are sufficient for most prob-
lems. Custom-made devices can be used
in special situations. These range from
special plates to a complete femur, hemi-
pelvis, and recently, three lumbar verte-
brae. Thus, the decision to use aggressive
surgical treatment depends on whether
nonsurgical techniques can be successful
to control the tumor.

4.0 The management of specific osseous
metastases

The common sites of osseous metastases
are the vertebral column, the ribs, the

pelvis, and the proximal long bones. Other
common pathologic sites include the
calvarium, which rarely causes secondary
complications requiring orthopedic inter-
vention. Similarly, pathologic fractures of
the ribs infrequently require orthopedic
management, and fractures of the humerus
are usually treated conservatively with
external immobilization and radiation.
Orthopedic surgery is predominantly used
for lesions of the lower extremity, and

the surgical approaches range from fixa-
tion with rods and plates to joint
replacement.

Appendicular skeletal lesions without
fracture. Metastatic lesions to the long
bones of the upper or lower extremities are
common, generally proximal, and often
associated with major morbidity. The
lesions of the upper or lower extremities
should be treated prophylactically with
internal fixation when a lesion is expected
to fracture. The decision for internal fixa-
tions is based on the degree of cortical
involvement for both weight-bearing and
non—weight-bearing bones. A 50 percent
compromise for cortex and 30 percent
compromise for weight-bearing bones are
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