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REVIEW

Surviving Adult Cancers. Part 1: Physiologic Effects

Lois J. Loescher, RN, MS; Deborah Welch-McCaffrey, RN, MSN; Susan A. Leigh, RN, BS;

Barbara Hoffman, JD; and Frank L. Meyskens, Jr, MD

Purpose: To provide an overview of the physiologic long-
term and late effects of adult cancers and cancer treatments
by a review of the medical and nursing literature.

Data Identification: Primarily from an English-language
literature search using MEDLINE (1980 to 1988) and In-
dex Medicus (1980 to 1988).

Study Selection: After a consensus review by four observ-
ers, 285 articles were selected that addressed the stated pur-
pose.

Data Extraction: Four observers assessed the literature
using predetermined criteria for eliciting information about
long-term and late effects.

Results and Data Synthesis: Much has been written about
the acute phases of cancer and cancer treatments. In com-
parison, relatively few data are available that define physio-
logic long-term and late effects of cancer treatments in adult
survivors. Review of the existing data showed that these se-
quelae may affect virtually any body system months or years
after treatment ends. In addition, few prospective studies
dealing with physiologic survivorship issues have been done.

Conclusions: Health care providers need to be aware of
long-term or late complications that may affect the increas-
ing number of adult cancer survivors. Attention to treatment
regimens in the acute cancer phase and careful follow-up
once the disease is eradicated may help to prevent or manage
these complications. More prospective research should be
done in this area.

Annals of Internal Medicine. 1989:111:411-432.

From Arizona Cancer Center, University of Arizona, Tuc-
son, Arizona; and Good Samaritan Cancer Center, Phoenix,
Arizona. For current author addresses, see end of text.

Five million Americans now living have had cancer
at some time during their lives and three million have
survived 5 years or more (1). Cancer survivors are
alive largely because of improvements in early detec-
tion techniques and the use of intensive multimodal
therapies using surgery, chemotherapy, radiotherapy,
and hormonal therapy. These potentially curative
treatments may produce long-term sequelae that occur
as chronic problems after cessation of therapy, or late
effects surfacing months to years later. Long-term and
late effects may result in physiologic or psychosocial
disability in the survivor that must be acknowledged
by clinicians and researchers. The ability to identify
and predict these effects of cancer treatments will fa-
cilitate the provision of appropriate comprehensive
follow-up care. This two-part overview will focus on
some of the physiologic long-term and late treatment
effects (part I) and psychosocial sequelae (part II)
experienced by survivors of adult cancers who have
completed cancer therapy.

Methods

Data for this review were primarily identified using MED-
LINE and the Index Medicus. In order to obtain the most
recent information about long-term and late effects, the liter-
ature search encompassecl the years 1980 to 1988. Literature
of historic value describing effects related to past treatments
associated with current cancer survival was secondarily
identified through bibliographic reviews of textbooks, review
articles, and case studies. Selection of the articles was chal-
lenging in that no MEDLINE classification delineating long-
term and late effects of cancer treatments exists. Several of
the articles reviewed dealt with the more acute effects of
treatment. Thus, of approximately 800 articles, books, and
book chapters identified via all sources, 520 that dealt with
some aspect of cancer survivorship were selected by one re-
viewer.

To be selected, the literature had to describe a population
that survived adult cancer or cancers with long-term effects
that occurred as chronic problems after cessation of cancer
treatment or late effects that occurred months to years after
treatment. In addition, the literature selected had to focus
primarily on physiologic complications. Four reviewers with
a medical or nursing background agreed on 285 literature
sources according to the criteria listed above. Long-term and
late effects were then categorized into the body systems with
which they were most often associated.

Physiologic Effects

Because survivorship of adult cancers is a relatively
new phenomenon, information about the physiologic
long-term and late effects of therapies is scarce. Much
of the existing data have been generated from the
experiences of pediatric cancer survivors. The actual
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Table 1. Potential Long-Term and Late Effects of Therapies for Adult Cancer®

System Effects
Sex and reproductive
Men Germinal aplasia, testicular atrophy, azoospermia, oligospermia, increased serum FSH and LH,

erectile dysfunction, ejaculatory difficulties

Women
Neurologic

Increased serum FSH and LH, perifollicular agenesis, ovarian fibrosis, vaginal shortening
Neuropathies, nerve atrophy, nerve palsies, radiation necrosis and leukoencephalopathy, radiation

myelopathy, fibrosis, surgical nerve damage, neuralgia

Vascular
Cardiac

Strokes, arterial stenosis or occlusion, TIAs, emboli, Raynaud phenomenon, claudication
Cardiomyopathy, ECG changes, decreased LVEF, coronary artery obstruction, pericardial

effusion, myocardial infarction, pericarditis

Pulmonary
Urologic
Gastrointestinal
Hepatic
disease
Other

Alveolar damage, pneumonitis, pulmonary fibrosis, pulmonary veno-occulsive disease
Glomerular sclerosis, tubular atrophy, arteriole sclerosis, nephritis, cystitis

Transient enzyme elevation, fatty metamorphosis, portal fibrosis-cirrhosis, hepatic veno-occlusive

Endoarteritis, infarction necrosis, esophagitis, fistulae, adhesions, obstructions

* FSH = follicle-stimulating hormone; LH = luteinizing hormone; TIAs = transient ischemic attacks; ECG = electrocardiogram; LVEF = left

ventricular ejection fraction.

incidence of late effects may be underestimated, as
comprehensive physical examinations, laboratory
tests, radiographs, and documentation in medical rec-
ords have not always been included in long-term survi-
vor follow-up (2). In addition, most of the research in
this area is retrospective, with prospective study de-
sign and measurement techniques still in early phases.

The occurrence, frequency, and severity of these se-
quelae depend on factors such as primary cancer type,
location, size and extent of the primary tumor, intensi-
ty and type of therapy, and age and overall health of
the patient (3). Long-term and late effects that will be
discussed include sexual and reproductive, neurologic,
vascular, cardiac, pulmonary, urologic, and gastroin-
testinal sequelae (Table 1). Second malignancies will
also be covered. Effects on other systems are summa-
rized in Table 2.

Sex and Reproductive Function

Chemotherapy, radiotherapy, hormonal therapy, and
surgery affect gonadal and sex function. These treat-
ments often precipitate complications with spermato-
genesis, oogenesis, and vaginal, erectile, ejaculatory,
and emission function.

Effects in Men
Alkylating agents have most often been implicated in
gonadal impairment and may cause germinal aplasia
and compromised Leydig cell dysfunction. Azoosper-
mia or oligospermia may result, along with elevated
plasma levels of follicle-stimulating hormone and lu-
teinizing hormone (4-7). Testosterone levels may be
normal (7, 8). Progressive germinal aplasia and azo-
ospermia were noted in men treated with chlorambucil
at cumulative doses of 400 mg or more with no recov-
ery of spermatogenesis observed (9). Fairley and col-
leagues (10) found that 100 mg of cyclophosphamide
taken daily for at least 6 months caused azoospermia
in all 31 patients, with only 1 regaining spermatogen-
esis in less than 2 years.

Combination therapies have more profound effects
on gonadal function. Sanders and associates (11)

found that men treated with bone marrow transplanta-
tion and 200 mg/kg body weight of cyclophosphamide
had normal luteinizing hormone levels, two thirds had
normal follicle-stimulating hormone levels, and one
third had spermatogenesis. Those receiving concomi-
tant irradiation had normal luteinizing hormone levels
but fewer of these patients had normal follicle-stimu-
lating hormone levels and spermatogenesis. Other
bone marrow transplantation survivors receiving cy-
clophosphamide and total body irradiation had elevat-
ed luteinizing hormone levels, normal testosterone lev-
els, and normal potency with azoospermia, but needed
longer follow-up to determine full recovery (12).

Shamberger and coworkers (13) found increased
but reversible follicle-stimulating hormone and lutein-
izing hormone levels following combinations of doxo-
rubicin, cyclophosphamide, and high-dose methotrex-
ate in survivors of soft-tissue sarcomas. Recovery was
more frequent in men under age 40 at the time of
treatment. However, even in younger patients, the ad-
dition of radiotherapy to the thigh and abdomen
caused persistent azoospermia, testicular atrophy, and
elevated follicle-stimulating hormone levels 3 years af-
ter treatment.

Men who received MOPP therapy (mechloretha-
mine, vincristine, procarbazine, and prednisone) or
MVPP therapy (mechlorethamine, vinblastine, pro-
carbazine, and prednisone) with or without radiother-
apy for testicular cancers, Hodgkin disease, and non-
Hodgkin lymphomas had permanent germinal aplasia,
testicular atrophy, azoospermia, and elevated follicle-
stimulating hormone levels (4, 14-16). In most men,
only one or two cycles of MVPP caused azoospermia,
with minimal recovery (7, 8, 17). Increased luteiniz-
ing hormone and follicle-stimulating hormone levels
after administration of MVPP and radiotherapy were
evident in 80% to 95% of serum samples from survi-
vors of Hodgkin disease 1 to 62 months after treat-
ment (18). However, Chapman and colleagues (8)
suggested that men with Hodgkin disease may have
some evidence of gonadal impairment before therapy
which may be related to genetic factors or metabolic
disturbances from the disease itself.
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Pelvic or abdominal radiotherapy also affects gona-
dal function. Damewood and Grochow (7) reported
temporary azoospermia after 30 to 200 cGy (1
cGy = 1 rad) to the abdomen or pelvis with recovery
time ranging from 1 to 38 months or more after radia-
tion. Men who received 200 to 300 cGy recovered
from azoospermia in 2 to 3 years or never recovered.
Azoospermia after 400 to 600 cGy was associated with
a 5-year recovery time, or lack of recovery (7, 19).
Men who received mantle therapy without chemother-
apy for Hodgkin disease were generally spared pro-
longed azoospermia (16). Some found, however, that
“inverted Y radiotherapy for Hodgkin disease caused
70% to 1009% azoospermia even at low doses with
testicular shielding (8, 20).

Another known complication of pelvic surgery with
or without radiotherapy is erective dysfunction, which
occurs when fibers of the pelvic autonomic plexus that
affect the vasculogenic regulatory mechanisms of erec-
tion are damaged (21-27). Following radical prosta-
tectomy or radical cystectomy, 85% of men were re-
ported to have erectile dysfunction (24). Results of
studies of men with Duke stage A, B, or C prostate
cancer undergoing either retropubic (28-30) or peri-
neal (29, 31-33) prostatectomy found up to 90% di-
minished capacity or erectile dysfunction after
surgery. Younger men who have had an abdominal-
perineal resection have a lower incidence of erectile
problems and may have only partial impairment.
However, they still are not able to attain the amount

Table 2. Long-Term and Late Effects of Therapies for Adult Cancer Causing General Function, Extremity, Oropharyngeal,
Ocular, Skeletal, Dermatologic, Endocrine, and Immunologic Problems*

Effects Treatment Duration, y Time to Reference
Development, y
Decreased general functioning; decreased Chemotherapy with or 1to21 167, 265
energy level without radiotherapy
Upper and lower extremity problems
Stiffness, weakness, decreased mobility Pelvic surgery Several 39, 63,93
Lymphedema Mastectomy 4 266, 267
Frozen shoulder Mastectomy 1 90
Stump pain Thoracotomy, < 1to several 268
amputation
Oropharyngeal problems
Swallowing disability Glossectomy Permanentt 92,93
Impaired mastication Laryngectomy
Nasal regurgitation Maxillectomy
Decreased speech Mandiblectomy
Airway obstruction, decreased valsalva Soft-palate resection
maneuver
Increased dental caries (alteration of Laryngectomy, 268-270
saliva volume, viscosity, pH, electrolyte tracheostomy,
and immunoglobulin levels) radiotherapy to
head-neck
Osteonecrosis Radiotherapy to < 1 to several 271,272
mandible, maxilla,
or larynx
Ocular problems
Cataracts allopurinol, busulfan, =1 273-275
steroids
Single-dose TBI l1to12 276
Irreversible tear-duct fibrosis 5-fluorouracil <1 277,278
Skeletal problems
Late fractures Radiotherapy < 1 to several 21,279
Asceptic osteonecrosis Steroids < 1 to several 89, 280
Dermatologic problems
Persistent discomfort, induration, Radiotherapy 1to21 167
telangiectatic change
Pigmented excoriation, digital cutaneous bleomycin < 1 to several 117
ulcerations
Dryness, lesions and plaques, abnormal BMT > 1 168
pigmentation, hair, nails, mucous
membranes
Monilial infection, dermatitis Ostomy > 93, 281
Other endocrine problems
Increased thyroid-stimulating hormone; Radiotherapy or BMT < 6 117, 167,
decreased thyroxine 282, 283
Immunologic problems
Decreased reactivity to delayed type Radiotherapy < 10 284
hypersensitivity
Depressed lymphocyte response Radiotherapy <6 285

*TBI = total body irradiation; BMT = bone marrow transplant,

‘t May improve with rehabilitation measures.
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or duration of rigidity necessary for successful pene-
tration. If full recovery of erectile function occurs, it
may take up to 1 year after surgery (25).

Other treatments such as bilateral orchiectomy or
estrogen manipulations can result in erectile dysfunc-
tion accompanied by decreased libido, gynecomastia,
and ejaculation difficulties. More than 80% of men
receiving these treatments who were not fully potent
before therapy completely lost potency after therapy
(26). Partial penectomy for tumors of the glans, fore-
skin, head, or distal shaft reduces penile length which
still may be sufficient for vaginal penetration (26, 34).
Followintg total penectomy for urethral cancer, stimu-
lation of the remaining genital tissue (including the
mons pubis, perineum, and scrotum) can produce or-
gasm (35). Ejaculation can occur through the perineal
urethrostomy accompanied by bulbocavernosus and
ischiocavernosus contractions (34).

Ejaculatory difficulties commonly occur after retro-
peritoneal lymphadenectomy for testicular cancer
staging. The sympathetic nerve fibers of the hypogas-
tric plexus are damaged, resulting in failure of semen
emission (25). The ejaculatory response still occurs,
but ejaculate may be retrograde, scanty, or absent,
causing infertility (25, 34). Erection, libido, and sen-
sation of orgasm are unaffected (26). Cystectomy for
bladder cancer also results in loss of semen with possi-
ble maintenance of ejaculatory contraction, although
erectile capacity after this procedure is uncommon
(26). Ejaculation difficulties were reported by 78% of
retropubic and 100% of perineal prostatectomy survi-
vors (28, 36). However, Walsh and colleagues (37)
developed a technique (sparing the periprostatic cav-
ernous neurovascular bundles) that preserves orgas-
mic and ejaculatory functions after radical retropubic
prostatectomy. This procedure maintained potency in
60% of the patients, although the emission of semen
was reduced because the prostate, seminal vesicles,
and ampullae of the vas deferens were removed (37,
38). Simple prostatectomy results in retrograde ejacu-
lation (39, 40).

Radiotherapy also causes erectile and ejaculatory
difficulties, however, Andersen (40) indicated that the
incidence of sexual complications after interstitial or
external beam treatment is less than 50% of that re-
ported after radical surgery. Others have indicated
that radiotherapy caused impotence within a year after
treatment in 23% to 849% of cases (21-23, 27, 41-43).
This wide variation in incidence may be caused by
different treatment techniques, degree of accuracy of
patient reports, or the type and extent of questions
asked during interviews (21). Twenty-five percent of
survivors of prostatectomy with later radiotherapy
were impotent (44) and although a higher rate of po-
tency was maintained a marked reduction in frequen-
cy of sexual activity occurred (43).

Effects in Women

Ovarian destruction (elevation of serum follicle-stimu-
lating and luteinizing hormones, decrease in circulat-
ing estradiol) has been documented in women who
received single-agent and combination chemotherapy.

Cyclophosphamide has produced perifollicular agen-
esis, ovarian fibrosis, and destruction of ova leading to
premature ovarian failure (4, 10, 45, 46). This effect
may be reversible in some patients and is age-related
(47). Reversal of ovarian failure in women who had
cyclophosphamide and total body irradiation before
bone marrow transplantation is not known with cer-
tainty; however, women under age 26 had normal
menstrual cycles and gonadotropin levels a median of
6 months later. Women over age 26 developed early
menopause with elevated luteinizing and follicle-stim-
ulating hormone levels (11, 12). Use of more tradi-
tional therapies such as vinblastine or MVPP has been
associated with high levels of follicle-stimulating and
luteinizing hormones as well as amenorrhea which can
become progressively worse and may not be reversible
in women over age 30 (48, 49).

The length of treatment is also a factor. Irreversible
ovarian failure was reported in women who received
six cycles of MOPP for Hodgkin disease (50). A
greater incidence of amenorrhea and hormonal evi-
dence of ovarian failure occurred, however, with long-
er treatment courses of MVPP (46). Other long-term
effects of ovarian failure include loss of libido, hot
flashes, insomnia, and irritability (48, 51).

Infertility after pelvic radiotherapy is dose- and age-
related. Permanent infertility occurred in 60% of
women aged 15 to 40 and in 100% over age 40 after
250 to 500 ¢cGY treatment. Permanent infertility in
women aged 15 to 40 occurred 70% of the time after
receiving 500 to 800 cGy. Patients who received more
than 800 ¢cGy became irreversibly infertile (52). Thir-
ty to seventy-five percent of women lost ovarian func-
tion after radiotherapy for Hodgkin disease, despite
precautions such as oophoropexy (51-54). In contrast,
20 of 26 survivors of Hodgkin disease who received
total lymphoid irradiation and were actively trying to
achieve pregnancy did so (52). Women at greatest
risk for ovarian failure are those treated with a combi-
nation of infradiaphragmatic radiation and chemo-
therapy. In this group, ovarian failure is usually per-
manent (4, 51).

In women, cancer treatments can cause sequelae
that affect sexual functioning other than ovarian de-
struction. The vasocongestive mechanisms of genital
arousal may be damaged by pelvic or vaginal radio-
therapy or by oophorectomy. The resultant loss of es-
trogen levels decreases vaginal lubrication during the
sexual excitement phase (25, 51) and dyspareunia due
to vaginal fibrosis, atrophy, or stenosis often follows
(25, 55-57). Additional problems include adhesion or
fistula formation after external-beam pelvic radiother-
apy (55-57). Fistulas as a complication of interstitial
irradiation for cervical cancer result from a combina-
tion of physical trauma to the vaginal mucosa from
radium applicators, direct radiation effect on the mu-
cosa, and estrogen deprivation from radiation castra-
tion (58). Vaginal tenderness and postcoital bleeding
may also follow these forms of radiotherapy (39, 56,
58, 59).

Vaginal shortening by one half to two thirds con-
tributes to coital discomfort after radical hysterecto-
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my, radical vulvectomy, and anterior exenteration for
bladder carcinoma (25, 39, 40, 56, 60, 61). Removal
of the distal one-third of the vagina usually destroys
the sensory perception important in sexual foreplay
(62). A study of women treated with wide local inci-
sion instead of vulvectomy for microinvasive disease
found that all continued to be orgasmic during sexual
activity, compared with those who experienced dyspa-
reunia and loss of orgasmic ability after radical vulvec-
tomy (60).

Women with recurrent cervical or vulvar cancer
may have pelvic exenteration, and some reports indi-
cate that sexual dysfunction following this procedure
approaches 100% (61, 62). Andersen and Hacker
(63) found that women who had subsequent vaginal
reconstruction either maintained satisfactory sexual
relations or had disruption in the frequency of activity,
dissatisfaction with arousal, or problems with the re-
constructed vagina (too short, too large, chronic dis-
charge, dyspareunia, loss of sensation). Even after to-
tal pelvic exenteration and vaginectomy, however, the
labia and clitoris were still able to respond in a normal
physiologic manner (25). Women with (61) or with-
out (64) clitoral or vulvar tissue achieved orgasm.
Brown and colleagues (65) also reported that 27% of
women had sexual desire with digital stimulation of
their colostomy or perineal scar tissue.

Neurologic Effects

Acute or chronic toxicity from chemotherapy or ra-
diotherapy or surgical complications can lead to long-
term neurologic problems in survivors. Neuropathy is
common following vincristine therapy, and if several
doses have been given during the course of treatment,
deep tendon reflexes may be permanently lost (66,
67). A more serious problem is failure of complete
resolution of foot or wrist drop which leads to trouble-
some motor difficulties, including a slapping gait. Se-
vere irreversible paresthesias and ataxia have also been
reported after hexamethylmelamine, cisplatin, and
melphalan for ovarian cancer (68).

Chemotherapy also affects the autonomic nerves
and hearing functions. Livingston and coworkers (69)
reported chronic orthostatic hypotension occurring 6
years after cyclophosphamide, doxorubicin, and vin-
cristine therapy followed by radiotherapy. High-tone
hearing loss (4000-8000 Hz) after cisplatin (10 to 100
mg/m?2 body surface area) may not be reversible (70,
LY.

Persons irradiated for tumors of the pituitary, eth-
moid sinus, or nasal cavity developed optic atrophy
and progressive visual loss presenting years after treat-
ment (67, 72). Goepfert and associates (73) described
retinal and optic damage resulting in permanent blind-
ness 11 and 20 months after radiotherapy and intra-
arterial 5-fluorouracil therapy. Retinal toxicity caus-
ing cone dysfunction was documented in a small
group of patients with ovarian cancer who received
high doses (200 mg/m?) of cisplatin. Their visual acu-
ity improved off treatment; however, abnormalities of
color vision persisted as long as 16 months (74). Rare

retinopathy was reported in women with breast cancer
who received low-dose tamoxifen (30 mg). Retinal le-
sions remained unchanged when treatment was
discontinued (75). Permanent palsies of the tenth,
eleventh, and twelfth cranial nerves were described in
individuals with oral, nasopharyngeal, and laryngeal
tumors 12 to 145 months after radiotherapy (76).

Delayed radiation necrosis can occur 3 months to
several years after therapy to the brain (67). Necrosis
occurs after direct radiotherapy to the brain or, rarely,
to an extracranial lesion (67, 77). Clinical symptoms
may increase in severily, mimicking signs of a brain
tumor. Recovery depends on the extent and location
of the lesion and whether it can be surgically resected
(67). Delayed leukoencephalopathy, a progressive de-
generative process involving cerebral white matter, has
been reported following brain irradiation with or with-
out chemotherapy in long-term survivors of small cell
lung cancer (78), primary brain tumors, breast can-
cer, acute leukemia, and central nervous system lym-
phoma (79). This complication has occurred as late as
4 years after treatment and may be more prevalent in
older persons (78, 80). Radiotherapy doses ranged
from 3000 to 5000 cGy in various fractions. Potential-
ly neurotoxic chemotherapies used were intravenous
cyclophosphamide, vincristine, cisplatin, lomustine,
doxorubicin, or carmustine. In addition, methotrexate
or cytarabine administered via intravenous, intracaro-
tid, intrathecal, or intraventricular routes have also
been associated with delayed leukoencephalopathy
(79, 81-83). Early syrnptoms of apathy and abulia
may occur as early as 6 months after treatment, fol-
lowed by memory loss, gait ataxia, corticospinal tract
signs, seizures, and eventual frank dementia (78, 83).
Computed tomographic (CT) scanning or magnetic
resonance imaging may detect white matter abnormal-
ities that are present before clinical symptoms (78, 79,
84, 85). Computed tomographic scan changes in the
form of mild cerebral atrophy and ventricular dilata-
tion may precede symptoms. Seventy-five percent of
survivors of small cell lung cancer who received pro-
phylactic cranial irradiation had CT scan changes (83,
84, 86). Transient focal neurologic symptoms have oc-
curred months to years after prophylactic cranial radi-
ation therapy combined with chemotherapy (83, 87).

Delayed radiation myelopathy is commoner and oc-
curs months to years after therapy to the spinal cord
(88). Radiation myelopathy is characterized by senso-
ry changes in the lower extremities that gradually in-
volve the trunk and upper extremities in an asymmet-
ric manner (88, 89). Muscle weakness may follow or,
more seriously, para- or quadriparesis with bowel or
bladder dysfunction. These complications can lead to
death within 1 to 2 years (67, 88).

Fibrosis of the connective tissue surrounding the
brachial plexus with secondary nerve injury can occur
from 16 months to 20 yzars after radiotherapy. Symp-
toms depend on which portion of the brachial plexus is
involved and may progress to complete arm disability.
Lower plexus involvement may mimic ulnar neuropa-
thy (90). Radiation fibrosis of the lumbar plexus can
cause persistent motor and sensory changes in the leg
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(90). Radiation-induced nonmalignant peripheral
nerve tumors have been reported in lumbar, brachial,
and cervical plexus sites 4 to 20 years after therapy
(90, 91).

Excision of the sternocleidomastoid muscle; spinal
accessory nerve; and C3, C4, and C5 plexus during
radical neck dissection paralyzes the trapezius, which
causes shoulder drop and scapular winging. These, in
turn, lead to long-term shoulder pain; or the inability
to push, lift, or carry heavy objects; or the inability to
reach (89, 92, 93). Modified neck dissection spares the
sternocleidomastoid and nerve structures but nerve
damage may cause weakness of the trapezius which
can last for as long as 18 months after surgery (92).

Post-herpetic neuralgia appears to be commoner in
persons who developed the initial infection after age
50 (89). This persistent pain is often severe, disabling
in nature, and difficult to treat (94).

Vascular Effects

Survivors who received radiotherapy to the head and
neck regions are at risk for serious or fatal strokes long
after treatment has been completed. Those affected
may (95) or may not (96) have a predisposition to
atherosclerosis or be in the age group commonly af-
fected by the disease. The factors affecting develop-
ment of arterial disease in cancer survivors have not
been clearly identified (97-99), but total dosage, frac-
tionation schemes, and local tissue factors have all
been suggested (95, 96, 100). Radiotherapy can dam-
age the large elastic arterial vessels causing stenosis or
occlusion. The pathologic lesion may be similar to ath-
erosclerosis (96, 101, 102), although other investiga-
tors have found medial thickening or fibroblastic
changes (95, 98, 101). The arterial lesion is usually
limited to the irradiated area (96, 99, 103).

These changes predispose to a neurologic event and
a “delayed stroke” may occur. Patients receiving 4000
to 8200 cGy are at risk (95, 102, 104), and the neuro-
logic event may occur up to 16 years after completion
of treatment for Hodgkin disease (95, 96, 99), head
and neck cancers (96, 103, 105), breast cancers (96,
103), and primary brain tumors (106). Clinical symp-
toms may mimic those caused by atherosclerosis not
related to radiotherapy (102). Transient ischemic at-
tacks including amaurosis fugax have been reported in
patients with subsequent cerebral infarction (96, 102).
Nonembolic cerebrovascular effects in the form of fa-
tal foam-cell arteritis of the brain was reported 5 years
after cervical radiotherapy for Hodgkin disease (107).

Possible transient ischemic attacks have also been
reported in survivors of Hodgkin disease who received
primarily MOPP therapy and mantle radiotherapy.
The interval between therapy and the development of
neurologic symptoms was usually greater than 1 year
and patients tended to be younger than nonirradiated
patients with atherosclerotic cerebrovascular disease
(96, 97). Feldmann and Posner (97) also reported
relatively benign transient neurologic episodes in sur-
vivors of Hodgkin disease. They felt that these events
were most likely transient ischemic attacks but did not

identify specific cerebrovascular lesions.

Radiation damage to the aortic arch may be a
source of emboli that cause intracerebral neurologic
symptoms (97, 108). Chronic fibrous obstruction of
the aortic arch can cause ocular symptoms of de-
creased vision and cerebral symptoms of numbness
and weakness (108). Radiation therapy may also pro-
duce valvular or endocardial damage that are sources
of cerebral emboli (97).

Peripheral vascular disease after pelvic radiotherapy
is uncommon, but iliofemoral obstruction has been
seen in survivors of uterine and cervical carcinoma
(99, 101, 109) and in male survivors irradiated for
bone cancer (101) and head and neck cancer pelvic
metastases (110). Occlusive disease was limited to the
irradiated field (101, 111). Narrowing of the digital
vessels after bleomycin, vinblastine, or cisplatin ad-
ministration caused Raynaud phenomenon, which
persisted chronically in a few cases after therapy cessa-
tion (112, 113). Subclavian artery claudication after
treatment for breast cancer has also been reported as
long as 36 years after radiotherapy (101, 109, 114).

Cardiac Effects

Anthracycline use has most often been associated with
chronic cardiomyopathy, although this problem can
be an uncommon toxic effect from other antineoplastic
agents (115). Chronic cardiomyopathy after the ad-
ministration of the anthracyclines doxorubicin or dau-
norubicin may occur as long as 2.5 to 7 years after
therapy (116-118). Pathologic changes of myofibrillar
and vacuolar degeneration (with subsequent mito-
chondrial degeneration) begin well before clinical
signs and symptoms of cardiomyopathy (119, 120).
Cardiomyopathy resulting from these drugs is dose-
dependent, with an incidence of 3.5% after 400 mg/
m2, 7% after 550 mg/m2, and 18% after 700 mg/m?
of doxorubicin (119). For daunorubicin, the incidence
of cardiomyopathy is 1.5% after 600 mg/m?2 and 12%
after 1000 mg/m? (121). Cardiotoxicity appears to be
less in patients who received doxorubicin weekly or
via every-3-week dosing (115, 119, 122-124) and in
those who received the drug by infusion rather than
bolus (124, 125).

The effect of daunorubicin scheduling on cardiotox-
icity development is largely unknown (115). Concom-
itant treatment with vincristine, bleomycin, cyclophos-
phamide, and dacarbazine may potentiate cardiac
damage (124, 126, 127), but others did not consider
doxorubicin and dacarbazine to be synergistic (128).
Use of mitoxantrone in persons previously receiving
anthracyclines may potentiate congestive heart failure
and a decrease of ejection fraction (129, 130). Use of
doxorubicin and radiotherapy may augment radiation
injury to the myocardium (131), although some have
found the effects to be additive but not sensitizing or
enhancing (132). Most electrocardiographic changes
related to doxorubicin administration appear revers-
ible with the exception of a decrease in QRS voltage
after five or more courses (115, 133). Saini and co-
workers (134) recently described three cases of severe
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doxorubicin-related left ventricular dysfunction that
were completely reversible after treatment with digox-
in, furosemide, and captropril.

The pericardium is also susceptible to radiation-
induced damage with the hallmark injury expressed as
myocardial fibrosis (135). Damage appears to prog-
ress for several years after cessation of radiotherapy,
and effects are related to dose schedule, therapy dura-
tion, and field size. Most survivors with radiation-
induced cardiac disease are asymptomatic (136). Car-
diac damage may be in the form of low left ventricular
ejection fraction, subclinical cardiomyopathy, coro-
nary artery obstruction, and pericardial effusion (137-
142). Pericardial effusion occurs commonly but may
spontaneously resolve (136).

Late cardiac effects of radiotherapy are well-docu-
mented in survivors of Hodgkin disease and clinical
effects may appear from 6 months to 30 years after
radiotherapy (136). Gomez and colleagues (137)
found that 55 of 96 survivors 3 to 10 years after me-
diastinal radiotherapy (midcardiac doses of 3500
¢Gy) had a decreased left ventricular ejection fraction
and decrease in transverse heart diameter and car-
diothoracic ratio when compared with nonirradiated
controls. Annest and associates (139) reported ob-
struction of the proximal right coronary artery and
proximal left anterior descending coronary artery in 5
of 29 long-term survivors of Hodgkin disease who had
received 1500 to 3000 c¢cGy exposure to the heart. All
required coronary bypass as treatment. Myocardial in-
farction has also been reported in young adult survi-
vors 5 years after radiotherapy (143-145). Aortic in-
sufficiency has been documented after treatment with
4200 c¢Gy for mediastinal involvement (146). Echo-
cardiography, radionuclide angiography, fluid chal-
lenge, or cardiac catheterization has been used to
detect cardiac abnormalities of diminished left ventri-
cular cavity size, pericardial effusion, and decreased
left ventricular function and functional reserve, 5 to 15
years after 4000 cGy of mediastinal radiation (138,
142, 145). Symptomatic pericarditis occurred in 50%
of survivors within 6 to 34 months after receiving 3000
or more cGy (140, 142, 145).

Pulmonary Effects

Chemotherapy or radiotherapy or both can result in
long-term or late pulmonary damage, most commonly
in the form of diffuse alveolar damage, prneumonitis,
and interstitial pulmonary fibrosis. Bleomycin, car-
mustine, and cyclophosphamide toxicity has been de-
scribed, but is infrequent and most often acute in na-
ture. Symptoms may develop from 1 to 3 months after
therapy, and toxicity has been reported up to 8 years
after treatment (147). Pulmonary function tests indi-
cate hypoxemia and ventilation-perfusion dysfunction
(147, 148). Most patients with pneumonitis will even-
tually develop pulmonary fibrosis with resultant
chronic pulmonary insufficiency (149). Pulmonary
veno-occlusive disease, an infrequent cause of pulmo-
nary hypertension, has been reported after treatment
with bleomycin and mitomycin C, which may have a

direct effect of narrowing or occluding the smaller pul-
monary veins (150, 151). Most individuals with pul-
monary veno-occlusive disease die within 2 years of
symptom onset (151).

Fibrosis induced by bleomycin or carmustine may
have associated morbidity as high as 119% (135, 152-
156). The incidence of pulmonary damage is related to
the cumulative dose of drug administered and increas-
es with patient age (125, 157). Bleomycin total doses
lower than 150 mg/m? indicated no pulmonary dis-
ease (158), whereas morbidity was increased among
patients who received more than 359 mg/m? (159).
Toxicity at lower doses, however, can occur (147,
148). Cumulative carmustine doses ranging from 580
to 2100 mg/m? rarely cause pulmonary fibrosis (148).
Cyclophosphamide toxicity does not appear to be
dose- or schedule-dependent, and has been reported
after doses ranging from 150 mg to 80 g (147). Indi-
viduals who received both cyclophosphamide and
bleomycin may be more prone to bleomycin pulmo-
nary toxicity (147). Chlorambucil, mitomycin C, and
teniposide have also been associated with late, and
possibly fatal, pneumonopathy (135, 147).

A less common pulmonary problem related to
chemotherapy is a synergistic reaction of previous mi-
tomycin and bleomycir therapy and a high concentra-
tion of inspired oxygen during surgery. Low oxygen
concentrations are recommended for anyone with a
history of receiving these drugs (148, 160). Non-
Hodgkin lymphoma survivors may also have increased
propensity to develop severe reactions to bleomycin
(147). In addition, antitumor antibiotics, particularly
bleomycin and actinomycin D, are thought to enhance
radiation injury to the lung when they are used simul-
taneously or sequentially (131, 148).

Lung irradiation results in similar long-term and
late effects, some of which may be seen in survivors of
Hodgkin disease, non-Hodgkin lymphoma, and carci-
noma of the lung, breast, esophagus, and mediastinum
(135, 161). After initial radiation injury, clinical
symptoms resulting from alveolar type II cell injury
may appear | to 3 months later. Fibrosis involving the
alveolar walls and endothelial damage may not occur
until 3 to 6 months after radiotherapy (135, 162, 163),
and progression may be insidious over 1 to 2 years.
The permanent changes of fibrosis usually remain sta-
ble after 2 years (161, 164).

Fibrosis within the lungs, pleura, and mediastinum
causes secondary plenral effusion or spontaneous
pneumothorax, bronchiectasis, and airway, vascular,
and esophageal anatomy distortion (165). Reduction
in lung volume may cause mediastinal shift toward the
irradiated side along the tracheal deviation (161, 163,
165). Reduced lung compliance leads to decreased vi-
tal capacity (166).

The occurrence of radiation pneumonitis and fibro-
sis depends on the volume of lung involved and the
dose delivered (161). Doses greater than 2000 to 3000
c¢Gy are needed for significant fibrosis (163), which is
less likely to occur after irradiation of small lung vol-
umes and the apical regions (161, 163). Slanina and
colleagues (167) reviewed 135 survivors of Hodgkin
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disease who had received 3000 to 4000 cGy and found
paramediastinal fibrosis which was slight in 44%, dis-
tinct in 36%, and severe in 9%. Other pulmonary
complications in that group included restrictive venti-
lation (84%), oxygen-diffusion (18%), and obstruc-
tive ventilation (7% ) disorders and increased residual
volume (61%).

A significant number of survivors of allogenic or
syngeneic marrow transplantation cured of their pri-
mary disease developed sinopulmonary infections and
restrictive or obstructive pulmonary disease up to 4
years later (168, 169). These pulmonary complica-
tions were not a result of total body irradiation or the
presence of chronic graft-versus-host disease (168).

Urologic Effects

Late nephrotoxicity from chemotherapy and or ra-
diotherapy may be in the form of extensive glomerular
sclerosis, tubular atrophy, and necrosis of the arter-
ioles, characterized by progressive renal failure, fall in
glomerular filtration rate, rising creatinine, azotemia,
proteinuria, hypertension, and anemia (135, 149, 170-
173).

Nitrosoureas have been associated with delayed re-
nal failure. Onset of progressive nephrotoxicity has
been reported 2 years after cessation of lomustine ther-
apy for oat cell carcinoma (173) and months to years
after semustine or carmustine administration (170-
174). Nichols and Moertel (175), however, found that
the incidence of renal insufficiency was low after low
doses of semustine.

Cisplatin affects the kidney’s ability to reabsorb
magnesium, causing hypomagnesemia (170). Without
adequate hydration during treatment, this defect may
persist for years after discontinuation of therapy
(176). With more vigorous hydration, cisplatin can be
safely administered at doses of 50 mg/m? or more,
virtually eliminating nephrotoxicity (74, 177). A
moderate and permanent reduction in glomerular fil-
tration rate with no signs of long-term tubular defects
occurred in testicular cancer survivors treated with
cisplatin (178). Groth and associates (179) studied
the effects of cisplatin in patients with testicular cancer
and found that glomerular filtration rate did not de-
crease until after 2 months of treatment, with signifi-
cant progressive decrease during the first year after
initiation of treatment. A significant increase in serum
creatinine was not observed until 6 months later. Use
of mitomycin-C with 5-fluorouracil rarely may lead to
renal failure with microangiopathic hemolytic anemia
up to a year after treatment (117, 170, 180-183).

Radiation affects the kidneys in the form of delayed
radiation nephritis which may be acute or chronic in
nature (135, 170). The acute form may occur within 6
to 13 months after therapy whereas chronic radiation
nephritis may develop 18 months to several years lat-
er. Use of actinomycin D and vincristine, and vinblas-
tine and bleomycin concomitantly with radiotherapy
may hasten development of radiation nephritis (131,
184).

A bladder complication of hemorrhagic cystitis af-

ter cyclophosphamide administration is caused by the
acrolein by-product of the drug along with inadequate
hydration during treatment (149). This effect may be
so severe that a cystectomy is necessary (170); howev-
er, concomitant administration of ifosfamide may pre-
vent the occurrence of cystitis (149). Cyclophospha-
mide administered with radiotherapy may augment
injury to the bladder (131).

Chronic cystitis and urinary diversion complica-
tions have also been reported infrequently after radical
prostatectomy alone (33, 185, 186) or 5% to 27% of
the time after radical perineal prostatectomy and ra-
diotherapy (23, 187). Long-term bladder symptoms
have been reported 5 to 11 years after radiotherapy
alone for cervical cancer. Urgency and stress inconti-
nence occurred in 45% of patients and significant fre-
quency and nocturia in 35% (188).

Gastrointestinal Effects

Hepatotoxicity from cancer treatments ranges from
transient enzyme elevations to permanent cirrhosis
(189). Long-lasting or permanent liver injury caused
by chemotherapy is uncommon and most often acute.
Nitrosourea chemotherapies may produce severe and
fatal damage (135). Carmustine administration
caused increased serum transaminase or alkaline phos-
phatase levels which were delayed up to 127 days, and
slowly returned to normal (190, 191). Other chemo-
therapies such as L-asparaginase or methotrexate
caused persistent fatty metamorphosis up to 261 days
after treatment (191-193) or delayed portal fibrosis or
cirrhosis (117, 190, 191, 194). Azathioprine, cytara-
bine, and 6-mercaptopurine caused hepatic occlusive
disease and necrosis or precipitated late biliary stasis
which eventually resolved (149, 190, 191). Initial ad-
ministration of dacarbazine may sensitize the liver and
rechallenge can cause massive necrosis and hepatic
veno-occlusive disease (193).

Radiation causes hepatic central vein thrombosis,
leading to liver veno-occlusive disease and secondarily
damaging hepatocytes (135). Acute changes may lead
to progressive fibrosis and cirrhosis (195). Fibrosis of
intrahepatic and extrahepatic biliary ducts may also
cause obstruction which is difficult to distinguish from
recurrent tumor. This fibrosis has been reported 5.5 to
30 months after therapy (196).

Progressive endoarteritis is the hallmark late lesion
occurring in the gastrointestinal tract after radiothera-
py and leading to bowel fibrosis, stricture, and ulcera-
tions. Operative repair of adhesions years after ra-
diotherapy can interfere with blood supply and lead to
infarction necrosis (135, 197).

Other gastrointestinal problems may occur with
combination therapies. Following radical perineal
prostatectomy and radiotherapy, long-term complica-
tions of chronic proctitis, fistula formation, and rectal
incontinence were reported 5% to 27% of the time,
compared with a 6% occurrence of only fistula forma-
tion after surgery alone (187). Late intestinal fistuliza-
tion and necrosis was reported in 29% of survivors of
colorectal cancer 6 months to 2 years after radiothera-
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py and 5-fluorouracil and semustine (198).

Delayed enteritis may develop after radiotherapy
and actinomycin D or cisplatin, or treatment with 5-
fluorouracil, hydroxyurea, methotrexate, and procar-
bazine (135). Severe, chronic esophagitis after ra-
diotherapy and doxorubicin or cyclophosphamide
may occur months to years later (117, 135). Chronic
aspiration may be a late effect of bone marrow trans-
plantation, particularly when the affected survivor has
chronic graft-versus-host disease associated with eso-
phageal disease (169).

Persons who have received intraperitoneal therapy
with cis-platinum for ovarian, colon, and endometrial
cancers, and mesothelioma, developed late intestinal
obstruction due to extensive adhesion formation
(199). Delayed bowel obstruction and intestinal adhe-
sions have also been reported after radiotherapy and
hexamethylmelamine, melphalan, and cisplatin thera-
py for ovarian cancer (68).

Oncogenesis

Survivors may be at risk for second malignancies re-
sulting from primary cancer therapy. The potential de-
velopment of second malignancies does not contrain-
dicate the use of cancer therapy because the overall
risk of neoplastic complications is low. Few deaths
related to second malignancies are reported yearly,
whereas over 462 000 deaths occur annually from can-
cer (3, 200-202). However, the potential for second
cancers can be worrisome because the latency period
of development may be as long as 50 years (203).
Second malignancies are a serious sequelae of some
cancer therapies, particularly those involving alkylat-
ing agents with or without radiotherapy.

Alkylating agents implicated include melphalan, cy-
clophosphamide, procarbazine, chlorambucil, and
azathioprine (204). Radiation carcinogenesis is more
likely to occur after high doses, inducing cancers at
sites of exposure several years after therapy (200,
205). The mechanism of oncogenesis after radiation
and cytotoxic drugs remains unclear, and could relate
to interactions between immunosuppressive factors,
direct cellular damage produced by fibrotic tissue
changes, or cocarcinogenic effects with other environ-
mental carcinogens (200, 203, 206).

Leukemias

Second malignancies occurring in large series of can-
cer survivors are summarized in Table 3. Acute leuke-
mias as second malignancies are most commonly re-
ported in Hodgkin disease, with cited odds-expected
ratios and relative risks for all treatment ranging from
57 to 136. However, survivors of ovarian (3, 223-226),
lung (227-229), and breast (230-232) cancers are also
at risk. Prevention of leukemias via therapy changes or
manipulations may be the best treatment because leu-
kemias tend to progress rapidly, exhibit a large pro-
portion of chromosomal aberrations, and respond
poorly to standard therapy (117, 203).

Acute nonlymphocytic leukemia, with cited risks of

6% to 12% (actuarial risk), 5% to 13% (cumulative
risk), and 96 to 130 (relative risk), is most often re-
ported in survivors of Hodgkin disease who received
MOPP or MVPP (208, 221, 222, 234). Survivors of
Hodgkin disease who received radiotherapy in addi-
tion to MOPP had an even greater risk of leukemia
development (6% to 75% actuarial risk; 58 to 253
relative risk) (207-209, 212-214, 216, 217, 219, 221,
234). Comparatively, use of ABVD (doxorubicin,
bleomycin, vinblastine, dacarbazine) or PAVe (pro-
carbazine, melphalan, vinblastine), with or without
concomitant radiotherapy, was associated with a de-
creased risk of acute nonlymphocytic leukemia (219,
233, 234). Survivors of Hodgkin disease who received
only intensive radiotherapy as primary treatment have
also developed acute lzukemias, but appear to be at
much lower risk (odds-expected ratio, 2 to 11) than
those who received adjuvant chemotherapy or chemo-
therapy alone (207, 210, 215, 217, 219, 234). Recent
studies indicated that the peak incidence of acute leu-
kemias occurs 6 years after therapy, with few cases
reported after 10 years (221, 222).

Acute leukemias have also been reported in women
treated with dihydroxybusulfan, cyclophosphamide,
nitrogen mustard, chlcrambucil, thio-TEPA, or mel-
phalan for ovarian cancer (223-226). Greene and
coworkers (226) found a 93-fold increase in acute
nonlymphocytic leukernia in women treated with al-
kylating agents; those rreated with melphalan were 2
to 3 times more likely to develop leukemia than those
who received cyclophosphamide.

In survivors of small cell lung cancer, acute myelo-
genous leukemia has been shown after radiotherapy
of 550 ¢Gy and cyclophosphamide, lomustine, and
methotrexate (227). Acute nonlymphocytic leukemia
was also reported after radiotherapy and cyclophos-
phamide, doxorubicin, etopside, carmustine, vincris-
tine, and procarbazine 2 or more years later (229).
Leukemias in survivors of small cell lung cancer may
be preceded by preleukemic sideroblastic anemia and
pancytopenia (228, 229).

The rate of leukemia after common treatments for
breast cancers such as FAC (5-fluorouracil, doxorubi-
cin, cyclophosphamide) and radiotherapy and CMF
(cyclophosphamide, methotrexate, 5-fluorouracil) is
lower than that reported after other primary malig-
nancies (231, 232, 235). Women treated with intra-
cavitary radium or external beam radiotherapy for
cervical cancer also have not had significant excess
leukemias (236-238). Isolated cases of acute nonlym-
phocytic leukemia after bladder instillations of thio-
TEPA have also been described with a latency period
of 4 to 27 years (239, 240).

Other Second Malignancies

Second malignancies other than leukemia have also
been documented. Multiple myeloma has been diag-
nosed in women 6 years after surgery and radiothera-
py for breast cancer (241). Non-Hodgkin lymphoma
has occurred in survivors of Hodgkin disease (217-
234, 242, 244). List and associates (243) suggested
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Table 3. Second Malignant Neoplasms Related to Cancer Treatments Cited in Large Series Reported since 1980 Comprising
More than 150 Patients #

Primary Cancer Reference Treatment Patients, i1
Total With Second
Malignant Neoplasms
Hodgkin disease 217 All treatments 1222 59
Radiotherapy 501 27
Radiotherapy and chemotherapy 677 30
Chemotherapy = 2
Hodgkin disease 208 All treatments 659 32
Radiotherapy 95 1
MOPP 102
MOPP and radiotherapy 283 16
Salvage chemotherapy 179 10
Hodgkin disease 218 All treatments 798 27

chlorambucil and mechlorethamine

chlorambucil
Chemotherapy and radiotherapy
Hodgkin disease 244 All treatments 334 21
Radiotherapy with or without 176 7
vinblastine
Radiotherapy with or without 104 4

vinblastine ]

Radiotherapy with or without 54 10
MOPP or MACJ

Hodgkin disease 215 All treatments 2591 74
No intensive therapy 1394 41
Intensive radiotherapy, no 696 15

intensive chemotherapy

Intensive chemotherapy, no 360 13
intensive radiotherapy
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Table 3. (Continued)

Type and Number of
Second Malignancies

Years after Diagnosis
of First Malignancy

Risk Rate

Median Range
All types 0.7t012.4 9.9% (AR)b, 5.41 (OE)
Solid tumors (32) 5.6 0.7to11.3 5.9% (AR)b, 3.13 (OE)
Acute leukemias (23) 4.5 1.3 to 8.7 3.5% (AR)b, 69.6 (OE)
Non-Hodgkin lymphoma (4) 35t012.4 0.5% (AR)P
5.12 (OE)®
Solid tumors (20) 5.4 0.7109.7 4.04 (OE)d
Non-Hodgkin lymphoma (2) Not given 0.9% (AR)b
Acute leukemias (5) 5 Not given
Not given 6.17 (OE)¢
Solid tumors (12) 5.7 1.1to 11.3 2.63 (OE)e¢
Acute leukemias (16) 5 Not given
Non-Hodgkin lymphoma (2) Not given 0.7% (AR)b
Acute leukemias (2) 15.6% (AR)b
1.6to 7.5 Not given
Acute leukemias (21)
Solid tumors (11)
Solid tumor Not given 0% (AR)f
Not given
Acute leukemias (3) 6.2% (AR)f
Solid tumors (2)
Not given Not given
Acute leukemias (11) 6.4% (AR)f
Solid tumors (5)
Not given Not given
Acute leukemias (7) 7.7% (AR)F
Solid tumors (3)
Acute leukemias (10) 6 133 (RR)g, 5.6% (LE)¢
Solid tumors (17) Wi 2.2 (RR), 9.4% (LE)
Acute leukemias (5) Not given 691 (RR), 26.2% (LE)
Acute leukemias (3) Not given 234 (RR), 9% (LE)
Other (11) Not given 3.3 (RR)b
All types 10 2to 16 4.55 (OE)b.sg,
13.2% (AR)i
10 2to 16 2.16 (OE), 5.5% (AR)!
Breast (2)
Esophagus (1)
Basal cell (1)
Non-Hodgkin lymphoma (1)
Testicular (1)
Acute leukemia (1) 14 (OE)
41011 3.60 (OE), 11.6% (AR)i
Basal cell (1)
Esophagus (1)
Parotid (1)
Bronchus (1)
Oto 15 32 (OE)eg, 38.3% (AR)i
Acute leukemias (3)
Non-Hodgkin lymphoma (2)
Bladder (1)
Basal cell (1)
Bronchus (1)
Melanoma (1)
Multiple (1) 300 (OE)s
All types I to 38
Acute leukemias (21) 136 (RR)
Solid tumors (53)
1to 38
Solid tumors (34) 1.8 (OE)}, 19.5 (RR)
Acute leukemias (7) 2.0 (OE)
1to 38
Solid tumors (12) 2.1 (OE)!,
25.0 (OE)m
Acute leukemias (3) 7.0 (OE)
1to 38
Solid tumors (5) 1.8 (OE)!
Acute leukemias (8) 140 (RR)

(Footnotes defined on page 426)

(Continued)

| September 1989 * Annals of Internal Medicine » Volume 111 » Number 5 421



Table 3. (Continued)

Primary Cancer Reference Treatment Patients
Total With Second
Malignant Neoplasms
Intensive radiotherapy and 141 5
intensive chemotherapy
Hodgkin disease 255 Radiotherapy and MOP or ABVD 1405 6
Hodgkin disease 220 All treatments 529 27
Radiotherapy 146 6
MVPP 192 6
MVPP and radiotherapy 49 1
Other 194 14
Hodgkin disease 246 All treatments 320 23
Radiotherapy 129 10
Radiotherapy and MAC 135 9
MOPP
69 5
Non-MOPP 66 4
Radiotherapy and SAC 32 2
SAC or MAC 0 0
Hodgkin disease 221 MOPP with or without 192 29
radiotherapy
Hodgkin disease 222 Alkylators (MOPP, MOPP-like) 391 34
with or without radiotherapy
Alkylators alone 320 Not given
Hodgkin disease 234 All treatments 1507 83
Radiotherapy 535 23
Radiotherapy and ABVD or 648 3R
MOPP or PAVe or VBM
Radiotherapy and MOPP 179 6
Radiotherapy and MOPP and gold Included in radio- 8
therapy and
MOPP
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Table 3. (Continued)

Type and Number of Years after Diagnosis Risk Rate
Second Malignancies of First Malignancy
Median Range
1to 38
Solid tumors (2) 3.3 (OE)!
Acute leukemias (3) 125 (RR)
Melanoma 4.5 1to 13 8.0 (RR)",
3.3% (CR)°
All types 1to 15 3.5 (OE):
Solid tumors (18) Not given 2.5 (OE)s
Acute leukemias (5) 5 57 (OE)s
Non-Hodgkin lymphoma (4) 32 (OE)e
All types P 8 1to 15 2.6 (OE), 4% (AR)b
Bladder (1) 5.2 (OE)4
All types p 6 2to 10 0.9 (OE), 6% (AR)b
Penis (1) 100 (OE)r
Unknown primary 7 1.7 (OE), 129% (AR)b
All types P 7 1.4t0 13 7.4 (OE)¢, 20% (AR)!
Acute leukemias (5) 5 57 (OE)¢
Bladder (1) 5.2 (OE)4
Thyroid (1) 25 (OE)s
Osteosarcoma (1) 50 (OE)!
Kaposi sarcoma (1) 31 (OE)u
All types 7 1.3 to 16.1 4.76 (OE)s
Solid tumors (21)
Acute leukemias (2)
Not given ltoll 3.73 (OE)s,
2.5% (AR)Y
Not given 1to 15+ 7.10 (OE)s
Not given 5to 15+ 13.89 (OE)s,
>75%(AR)Y
Not given 1to 15+ 4.41 (OE),
22% (AR)°
Not given 1to 15+ 8.33 (OE)
0 0 0
All types 1to 13
Leukemias (12) 6 2to11.6 10% (CR)P, 96 (RR)
Solid tumors (17) Not given Not given
Acute leukemias (20)
Lung (4) 1.3 to 10.4w 5.2% (CR)®
Gastrointestinal (3)
Gynecologic (2)
Renal (1)
Sarcoma (1)
Breast (1)
Larynx (1)
Skin (1)
Acute leukemias (above) 2to 10 13% (CR)
All types 5.2 (OE), 17.6 (AR), 72.6
(AbR)i
Acute leukemias (28) 3.3% (AR), 29.9 (AbR),
66 (OE)
Non-Hodgkin lymphoma 1.6% (AR), 9.2 (AbR),
(27) 18 (OE)
Solid tumors (46) 13.2% (AR), 34.1 (AbR),
3.2 (OE)
0.4to 14.3 Not given
Solid tumors (16) 2.8 (OE), 7.0% (AR)i
Non-Hodgkin lymphoma (5) 21 (OE), 3.5% (AR)!
Acute leukemias (2) 11 (OE), 0.6% (AR)!
0.4t0 14.3 Not given
Acute leukemias (18) 117 (OE), 4.9% (AR)
Solid tumors (16) 4.4 (OE), 11.7% (AR)
Non-Hodgkin lymphoma (4) 22 (OE), 0.9% (AR)
0.4 to 14.3 Not given
Solid tumors (4) 3.7 (OE), 16.5% (AR)
Acute leukemias (2) 58 (OE), 1.8% (AR)
0.4 to 14.3 Not given

Solid tumors (5)
Acute leukemias (3)

22 (OE), 35% (AR)
253 (OE), 12.3% (AR)

(Footnotes defined on page 426)

(Continued)
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Table 3. (Continued)

Primary Cancer Reference Treatment Patients
Total With Second
Malignant Neoplasms
Radiotherapy and gold 65 4
MOPP 80 4
Breast 231 All treatments 8483 43
Radical, total or segmental 2068 3
mastectomy
Total or segmental mastectomy 1116 6
and radiotherapy
Surgery and L-PAM and 5-FU 5299 34
with or without methotrexate
with or without tamoxifen with
or without cyclophosphamide
Breast 232 All treatments 983 19
Surgery and radiotherapy 186 9
Surgery and FAC or FAC with or 797 10
without radiotherapy
Breast 264 Simple excision and radiotherapy 300 1
Uterine cervix 236 Radiotherapy 497 108
Uterine cervix 253 All types 763 44
Radiotherapy ( < 3000 ¢Gy and 350 21
radium)
Radiotherapy ( > 3000 ¢Gy and 375 20
radium)
Uterine cervix 238 All treatments 7127 528
Radiotherapy 5997 449
Surgery with or without 1130 79

chemotherapy with or without
hormones
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Table 3. (Continued)

Type and Number of
Second Malignancies

Years after Diagnosis
of First Malignancy

Risk Rate

Median Range
Solid tumors (4) 7.0 (OE), 21.9% (AR)
0.4 to 14.3
Acute leukemias (3) 130 (OE), 11.5 (AR)
Solid tumor (1) 1.1 (OE), 5.5% (AR)
Not given Not given
Acute leukemias (32)
Myelodysplastic
syndrome (7) 4104.8
Chronic myelogenous
leukemias (4)
Acute leukemias 4.2 38to5s 0.06% (CR)b, 1.5 (RR)
Acute leukemias (4) 6.6 1.37% (CR)b
Chronic myelogenous
leukemias (2) 6.1 (RR)s
4.2
Acute leukemias (26) 1.119% (CR)b
Myelodysplastic
syndrome (7) 11.0 (RR)r
Chronic myelogenous
leukemia (1)
Oto5.2 Not given
Gynecologic (3) 1.1 0to 5.2 5% (AR)nw
Acute leukemias (2)
Gastrointestinal (2)
Thyroid (1)
Melanoma (1)
Head, neck (4) 1.5 01to 5w 1.9% (AR)nw
Gastrointestinal (2)
Leukemia (2)
Melanoma (1)
Gynecologic (1)
Sarcoma 10.5 Not given
All types p 51035 1.7 (OE)r
Rectum (15) 4.1 (OE)r
Ovary (8) 2.4 (OE)*
Lung (7) 3.2 (OE)s
Vulval, vaginal (6) 10.0 (OE)s
Small intestine (3) 15.0 (OE)s
Oropharynx (2) 20.0 (OE)s
Central nervous
system (2) 10.0 (OE)*
All types p.x 0.5to 20 1.23 (OE)
Lung (11) 5.71 (OE)s
Vulval, vaginal (5) 14.71 (OE)*
Breast (4) 0.379 (OE)s
Larynx (2) 13.07 (OE)s
Bone (1) 16.393 (OE)r
All types 0.2 to 38 28.5% (AR), 1.44 (RR)sY
All types P > 15 0.2 to 38 1.44 (RR), (OE)s
Lung (64) 5.1 (OE)s
Breast (58) 0.7 (OE)s
Uterine (39) 1.4 (OE)s
Rectum (30) 1.6 (OE)*
Bladder (26) 3.4 (OE)s
Ovaries (25) 1.6 (OE)s
Unknown primary (24) 2.1 (OE)s
Other genital (19) 1.8 (OE)s
Kidneys (14) 2.8 (OE)s
Buccal cavity (13) 2.3 (0OE)s
Sarcoma (12) 2.6 (OE)s
Esophagus (6) 3.0 (OE)s
Connective tissue (3) 3.3 (OE)s
Larynx (4) 4.0 (OE)s
All types P 1.3 (OE)s
Breast (27) 1.4 (OE)®
Other genital (8) 4.4 (OE)s
Unknown primary (7) 3.3 (OE)s
Buccal (4) 3.3 (OE)s
Larynx (3) 15.0 (OE)s

(Footnotes defined on page 426)

(Continued)
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Table 3, (Continued)

Primary Cancer Reference Treatment Patients
Total With Second
Malignant Neoplasms
Ovarian 226 All treatments 3363 35
Surgery 595 0
Radiotherapy 955 2
Alkylators with or without 1794 33
radiotherapy
melphalan 605 21
cyclophosphamide 333 3
Testicular 251 Radiotherapy 517 57
Prostate 250 All treatments 3675 220
Surgery 2543 Not given
Radiotherapy 817 14
Hormones 829 9
Chemotherapy 33 Not given
2 ABVD = doxorubicin, bleomycin, vinblastine, dacarbazine; 1At 15 years.
FAC = 5-fluorouracil, doxorubicin, cyclophosphamide; 5-FU = 5 fluo- J For relapse.
rouracil; L-PAM = phenylalanine mustard; MAC = multiagent kP < 0,0003.
chemotherapy; MOP = mechlorethamine, vincristine, procarbazine; 11 to 38 years.
MOPP = mechlorethamine, vincristine, prednisone, procarbazine; m 10 to 38 years.
MVPP = mechlorethamine, vinblastine, procarbazine, prednisone; n At 5 years.
PAVe = procarbazine, melphalan, vinblastine; SAC = single agent 9 At 14 years.
chemotherapy; VBM = vinblastine, bleomycin, methotrexate; P Only statistically significant listed.
Abr = absolute risk; AR = actuarial risk; CR = cumulative risk; q9rF = 0.06,
LE = life-table estimate; OE = odds-expected ratio; RR = relative TP« 0.01.
risk. sP< 005
b At 10 years. 'P< 0.03.
¢ P< 0.0001. uP< 0,04,
4 P< 0.003. v Al 4 years.
¢ P< 0.002. W For all.
f At 7 years. x Not listed by treatment.
¢ P< 0.001. ¥ > 15 years.
h P = 0.0008.

that Epstein-Barr virus may influence B-cell non-
Hodgkin lymphoma development, which was reported
up to 12 years after radiotherapy. Survivors of Hodg-
kin disease also have an increased risk (odds-expected
ratio, 2 to 3; relative risk, 20; cumulative risk, 5.2%;
actuarial risk, 13%: absolute risk, 34.1) for solid tu-
mor second malignancies. These malignancies may
arise after a longer latency period (10 to 15 years)
than that reported for leukemia occurrence (217, 234,
245, 246).

An increased risk of second cancers of the bladder
(242-251), kidney (250, 252), ureters (252), and
urethra (250, 251) has been associated with
cyclophosphamide use with or without radiotherapy;
these cancers occurred 3 to 15 years later (247, 248,
252). Kleinerman and colleagues (238) and Kapp and
coworkers (253) also reported excessive solid tumors
occurring 15 or more years after radiotherapy for cer-
vical cancer.

A higher incidence of skin cancers also following
cyclophosphamide therapy was thought to be related
to increased cutaneous photosensitivity during treat-
ment (119, 254). Melanoma occurring after Hodgkin
disease may be increased in survivors with dysplastic
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nevus syndrome (relative risk, 8.0; cumulative risk,
3.3%) (255). An excess of melanomas on the head
and neck region, upper extremities, and trunk were
noted in prostate cancer survivors (250).

Radiotherapy for breast carcinoma was reported to
cause osteosarcoma in rib, scapula, clavicle, humerus,
and sternum 3 to 24 years after treatment with 1800 to
11000 cGy (256-259). Osteosarcomas occurring in
rib, humerus, sternum, scapula, ilium, pubis, and clav-
icle occurred years after radiotherapy for lung cancer,
non-Hodgkin lymphoma (257, 260), Hodgkin disease,
and ovarian (257), uterine (260), and thyroid (261)
cancers. Osteosarcomas were also reported up to 29
years after external beam or intracavitary radium for
cervical cancer (257, 259, 260).

Henson and Urich (67) reviewed reports of fibro-
sarcomas that developed several years after radiother-
apy for astrocytoma, glioblastoma, and pituitary
adenoma. No excessive second malignancies have been
reported after adjuvant thio-TEPA therapy for breast
and colon cancer (203, 262); however, Ferguson and
associates (263) found a 3% incidence of second can-
cer after 6000 to 7400 c¢Gy for breast cancer. Kurtz
and associates (264) reported one sarcoma after sim-
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Table 3. (Continued)

Type and Number of Years after Diagnosis Risk Rate
Second Malignancies of First Malignancy
Median Range
6 ltoll 8.5% (CR)b
Acute leukemias (28) 23.5 (OE)
Myelodysplastic
syndrome (7)
0 0 0
Acute leukemias 0.1% (CR)b
6 1to 11 8.4% (CR)b
Acute leukemias (26) 93 (RR)
Myelodysplastic
syndrome (7)
11.2% (CR)b
5.4% (CR)b
All types p 15.4 2t029 1.87 (OE)e
Testicular (7) 5 23.10 (OE)gn
Genitourinary (9) 15to0 19 2.37 (OE)s
Skin (8) 2.58 (OE)s
Unknown primary (3) 8.36 (OE)s
All types p.x 1.2 (OE)r
Bladder (30) 2.2 (OE)r
Kidney (17) 3.3 (OE)r
Urethra (6) 12.0 (OE)s
Melanoma (7) 2.5 (OE)r

ple excision and radiotherapy for breast cancer. The
incidence of second malignancies after irradiation for
head and neck tumors is not greater than that occur-
ring after surgery alone (203). Malignant peripheral
nerve tumors occurred after radiotherapy for breast
and cervical carcinoma and reticulum cell sarcoma
(91).

Recommendations and Conclusions

The physiologic long-term and late problems that may
result from adult cancer therapies may range from
those minimally affecting daily living to major compli-
cations that impair organ systems and may cause
death. As the population of cancer survivors continues
to increase, additional effects not yet documented will
surface. For the survivor, the existence of, or potential
for these sequelae may be more devastating than the
disease and treatment itself. With the advent of cancer
survivorship, therefore, the primary goals of cancer
treatment include not only eradication of disease but
also minimization of the potential deleterious physio-
logic long-term and late effects of therapies. The ulti-
mate goal of treatment is to return the survivor to as
healthy a lifestyle as possible.

Health care practitioners can integrate the informa-
tion presented here into the care of patients with ac-
tive disease. Drugs with equal anticancer benefit, but
with fewer associated long-term or late effects can be
substituted for alkylating agents and anthracyclines
known to cause these complications. Careful review of
use of combination radiotherapy and chemotherapy
may indicate that either agent alone may have similar
anticancer benefit, but fewer long-term or late seque-
lae.

Health care practitioners also have an obligation to
participate in the development and implementation of

interventions which maximize rehabilitation after
treatment. One method to approaching rehabilitation
is the formation of a comprehensive interdisciplinary
follow-up program for cancer survivors. This program
may be structured in the form of a survivor clinic or
consist of referrals to appropriate specialists. Either
approach should incorporate interventions based not
only on potential or existing physiologic long-term
and late effects, but on psychological and socioeco-
nomic sequelae as well. As will be discussed in Part 2,
all of these types of effects may interrelate in ways that
will affect survivor rehabilitation.

The physiologic component of long-term cancer
survivor follow-up shculd include a yearly compre-
hensive physical examination to detect cancer recur-
rence, second malignancies, and other noncancerous
sequelae. Appropriate radiographs, scans, and labora-
tory testing should also be done as needed. Many of
the long-term and late problems that occur are system
specific and may need to be assessed by a specialist in
that area. Ideally, specialists should be sensitive to the
cancer survivor’s previous disease and therapy. In ad-
dition to addressing overt physiologic problems, fol-
low-up should include interventions aimed at general
disease prevention and the development of healthful
lifestyle behaviors. Thus, another physiologic compo-
nent of a survivor program could incorporate nutri-
tional counseling, exercise testing, or teaching of
screening techniques for later cancers. The ideal
comprehensive survivor program monitors and treats
existing sequelae while maintaining a wellness orienta-
tion. This approach focuses on preventing and control-
ling long-term and late effects of therapies and en-
abling the survivor to adapt to them.

Secondary physiologic effects of cancer and cancer
therapy warrant further research. Those who develop
new drugs, radiotherapy techniques, combination
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therapies, and dosage schedules should bear in mind
the existing or potential long-term or late effects of the
treatments. Prospective studies examining variables
such as incidence, type, and severity of potential ef-
fects should begin at the initiation of cancer therapies.
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