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BACKGROUND AND RATIONALE:

The treatment of children and adolescents with cancer has become increasingly successful.
Approximately 70% of all patients diagnosed prior to 15 years of age will survive for five years. The
majority is expected to survive for many years after diagnosis (1).

The treatment these patients receive may adversely affect their reproductive function. Germ cell
survival may be adversely affected by radiation therapy and chemotherapy. Ovarian damage results in
both sterilization and loss of hormone production because ovarian hormonal production is closely related
to the presence of ova and maturation of the primary follicle. These functions are not as intimately related
in the testis. As a result, men may have normal androgen production in the presence of azoospermia.

Ovary

All women who receive total body irradiation prior to bone marrow transplantation develop amenorrhea.
Recovery of normal ovarian function occurred in only nine of 144 patients in one series, and was highly
correlated with age at irradiation of less than 25 years (2). In a series restricted to patients who were
prepubertal at the time of bone marrow transplantation, 44% (7/16) had clinical and biochemical evidence
of ovarian failure (3).

The frequency of ovarian failure following abdominal radiation therapy is related both the age of the
woman at the time of irradiation and the radiation therapy dose received by the ovaries. Whole abdomen
irradiation produces severe ovarian damage. Seventy-one percent of women in one series failed to enter
puberty, and 26% had premature menopause following whole abdominal radiation therapy doses of 2000
to 3000 cGy (4). Others reported similar results in women treated with whole abdomen irradiation (5) or
craniospinal irradiation (6,7) during childhood.

The frequency of ovarian failure is correlated with the treatment volume. Ovarian failure occurred in
none of 34 women who received abdominal irradiation to a volume which did not include both ovaries,
14% of 35 whose ovaries were at the edge of the abdominal treatment volume, and 68% of 25 whose
ovaries were entirely within the treatment volume (8). These reports corroborated a study of ovarian
histology that identified severe ovarian damage in children who had received abdominal irradiation,
with or without chemotherapy (9).

Ovarian function may be impaired following treatment with combination chemotherapy (Table 1)
(10,11,12, 13,14,15,16,17).




Table 1

FREQUENCY OF AMENORRHEA FOLLOWING
TREATMENT WITH COMBINATION CHEMOTHERAPY

PATIENT AGE REGIMEN FREQUENCY OFAMENORRHEA
All ages MVPP 63% (20/32)

All ages MOPP 39% (17/44)

2 — 15 years MOPP 11% (2/18)

All ages ChiVPP 19% (6/32)

9.0 — 15.2 years ChivPP 31% (10/32)

All ages ChIVPP/EVA 80% (16/20)

6.1 — 20.0 years MDP - 13% (3/23)

4 — 20 years COP/ABVD 0% (0/17)

These studies, performed following treatment with the combination of nitrogen mustard,
vincristine, procarbazine and prednisone (MOPP), the combination of nitrogen mustard, vinblastine,
procarbazine and prednisone (MVPP) or the combination of chlorambucil, vinblastine, procarbazine and
prednisone (ChIVPP), doxorubicin, prednisone,procarbazine, vincristine and cyclophosphamide (MDP) or
cyclophosphamide,vincristine, procarbazine (COP/ABVD) demonstrated the sensitivity of the older patient
to the gonadal toxicity of such therapy(14,15,16, 17,18,19,20,21), whether three or six cycles were
administered (Table 2) (22). Younger women had a lower frequency of amenorrhea following treatment
with one of these combinations.

Table 2
RELATIONSHIP AMONG AGE AT TREATMENT, NUMBER OF CYCLES AND
FREQUENCY OF AMENORRHEA FOLLOWING TREATMENT
WITH COMBINATION CHEMOTHERAPY

PATIENT AGE NUMBER OF REGIMEN FREQUENCY OF

CYCLES AMENORRHEA
16-30years 3 MOPP 3% (1/31)

6 9% (1/11)
31-45years 3 61% (11/18)

6 62% (5/8)

Ovarian function was evaluated in women treated with drug combinations that did not include
procarbazine. Ovarian function was normal in all of six women treated for non-Hodgkin's lymphoma with a
cyclophosphamide containing drug combination (23). Others reported that pubertal progression was
adversely affected in 5.8% of 17 patients treated before puberty, compared to 33.3% of 18 patients
treated during puberty or after menarche. However, the administration of cyclophosphamide did not
correlate with the abnormal pubental progression observed in these patients (24). Cis-platinum
administration resulted in amenorrhea in 14% of seven patients (25).

Women who received high dose (50 mg/kg/day x 4 days) cyclophosphamlde prior to bone marrow
transplantation for aplastic anemia all developed amenorrhea following transplantation. In one series, 36
of 43 had recovery of normal ovarian function 3 — 42 months after transplantation (2).




The presence of apparently normal ovarian function at the completion of chemotherapy should not
be interpreted as evidence that no ovarian injury has occurred. Premature menopause is well
documented in childhood cancer survivors, especially those women treated with both an alkylating agent
and abdominal irradiation (26). When the pelvis is excluded from the treatment volume, and treatment
does not include combination chemotherapy, premature menopause is infrequent (27).

Testis

Surgery, irradiation and/or chemotherapy may damage testicular function. Retrograde ejaculation is a
frequent complication of bilateral retroperitoneal lymph node dissection performed on males with
testicular neoplasms (28,29), and impotence may occur following extensive pelvic dissections as may be
performed to remove a rhabdomyosarcoma of the prostate (30).

Men treated with whole abdomen irradiation may develop gonadal dysfunction. Five of ten men were
azoospermic, and two were severely oligospermic when evaluated at ages 17 - 36 years following
treatment with whole abdomen irradiation for Wilms tumor at ages 1 - 11 years, with the penis and
scrotum either excluded from the treatment volume, or shielded with 3 mm of lead. The testicular radiation
doses varied from 796 - 983 cGy (31). Others reported azoospermia in 100% of 10 men 2 - 40 months
after radiation therapy doses of 140 - 300 cGy to both testes (32). Similarly azoospermia was
demonstrated in 100% of ten men following testicular radiation therapy doses of 118 - 228 cGy. Recovery
of spermatogenesis occurred after 44 - 77 weeks in 50% of the men, although three of the five with
recovery had sperm counts below 20 x 106/ml (33). Oligo- or azoospermia was reported in 33% of 18
men evaluated 6 - 70 months after receiving testicular radiation doses of 28 - 135 cGy (34). In another
report, none of five men who received testicular radiation doses of less than 20 ¢cGy became
azoospermic. By contrast, two who received testicular radiation doses of 55 - 70 cGy developed
temporary oligospermia, with recovery to sperm counts greater than 20 x 106/ml 18 - 24 months after
treatment (35).

Administration of higher doses, such as 2400 cGy which is used for the treatment of testicular relapse
of acute lymphoblastic leukemia, results in both sterilization and Leydig cell dysfunction (36). Craniospinal
irradiation produced primary germ cell damage in 17% of 23 children with acute lymphoblastic leukemia
(37), but in none of four children with medulioblastoma (38). With adequate shielding, gonadal failure
following radiation therapy to a volume that does not include the testis is infrequent (39).

Combination chemotherapy that includes an alkylating agent and procarbazine causes severe damage
to the testicular germinal epithelium (11,12,13,40,41,42,43,44,45,46,47,48,49). Azoospermia was present
in all men by the start of the third cycle of MVPP chemotherapy (45), and less than 20% of men had
recovery of spermatogenesis when evaluated 37-48 months after treatment, suggesting that recovery of
spermatogenesis in this population of patients was infrequent (44). Azoospermia occurred less frequently
following treatment with two, rather than six, cycles of MOPP (50), and elevation of the basal FSH level,
reflecting impaired spermatogenesis, was less frequent among patients receiving two courses of OPPA
(vincristine, procarbazine, prednisone, Adriamycin), than among those who received two courses of
OPPA in combination with two or more courses of COPP (cyclophosphamide, vincristine, procarbazine
and prednisone) (51).

Most studies suggest that procarbazine contributes significantly to the testicular toxicity of combination
chemotherapy regimens. The combination of doxorubicin, bleomycin, vinblastine and DTIC produced
oligo- or azoospermia frequently during the course of treatment. However recovery of spermatogenesis
occurred after treatment was completed, in contrast to the experience reported following treatment with
MOPP (46).

An early report suggested that the prepubertal testis was less sensitive than the postpubertal testis to
damage by MOPP chemotherapy (43). Several groups of investigators reported that damage to the
prepubertal testis could not be identified until the patient entered puberty, if the frequency of testicular
damage was estimated by the presence of an elevated serum FSH level (40, 52,53,54,55). None of these
studies reported that prepubertal males were at lower risk for chemotherapy induced testicular damage
than were postpubertal patients.

Testicular function was evaluated in patients following treatment with combination chemotherapy for
acute lymphoblastic leukemia during childhood. Basal serum FSH and LH levels were normal in 32
prepubertal boys evaluated, whereas 37.5% of eight early pubenrtal, and 50% of four late pubertal subjects
had raised basal serum FSH levels (56). The factors that influenced the severity of testicular damage
were the total dose of cyclophosphamide, administration of a cumulative dose of cytosine arabinoside




that exceeded 1 gm/M2, and the length of time between the cessation of treatment and testicular biopsy
(57). Blatt et al. reported normal testicular function in 14 boys treated for ALL with therapy which did not
include either cyclophosphamide or intravenous cytosine arabinoside, emphasizing the importance of the
agents employed in determining the gonadal toxicity of a combination chemotherapy program (58).

Male survivors of non-Hodgkin lymphoma who received pelvic radiation therapy and cumulative
cyclophosphamide dose greater than 9.5 gm/M2 were at increased risk for failure to recover
spermatogenesis (59); and in survivors of Ewing and soft tissue sarcoma, in whom treatment with a
cumulative cyclophosphamide dose greater than 7.5 gm/M2 was correlated with persistent oligo- or
azoospermia (60).

FERTILITY

The fertility of survivors of childhood cancer, when evaluated in aggregate is impaired. The adjusted
relative fertility of survivors, compared to that of their siblings was 0.85 (95% confidence interval (Cl) -
0.78 - 0.92). The adjusted relative fertility of male survivors (0.76, 95% CI - 0.68 - 0.86) was slightly lower
than that of female survivors (0.93, 95% CI - 0.83 - 1.04). The most significant differences in the relative
fertility rates were demonstrated in male survivors who had been treated with alkylating agents, with or
without infradiaphragmatic irradiation (61). This study included five-year survivors who had attained the
age of 21 years, and excluded patients who had never married or who became pregnant prior to their first
marriage. Women who had never menstruated and those who had undergone sterilizing surgery were
excluded from the analysis. Thus the absence of a significant difference in the relative fertility for female
survivors rate may be partly explained by the exclusion criteria employed.

Fertility may be impaired by factors other that the absence of sperm and ova. Conception requires
delivery of sperm to the uterine cervix and patency of the Fallopian tubes for fertilization to occur and
appropriate conditions in the uterus for implantation.

Retrograde ejaculation occurs with a significant frequency in men who undergo bilateral
retroperitoneal lymph node dissection. Uterine structure may be affected by abdominal irradiation. A
recent study demonstrated that uterine length was significantly less in ten women with ovarian failure who
had been treated with whole abdomen irradiation. Endometrial thickness did not increase in response to
hormone replacement therapy in three women who underwent weekly ultrasound examination. No flow
was detectable with Doppler ultrasound through either uterine artery of five women, and through one
uterine artery in three additional women (62).

SPECIFIC AIMS Do\ v B~ A

1. Compare the fertility of CCSS members to that of their sex-matched siblings by age at diagnosis,
age at start of first pregnancy, diagnosis, treatment (surgery only, radiation therapy only,

- chemotherapy only, surgery + radiation therapy, surgery + chemotherapy, surgery + radiation
therapy + chemotherapy), sterilizing surgery (yes/no — include hysterectomy, bilateral salpingo-
oophorectomy). Amenorrhea (yes/no — include never had their first spontaneous menstrual period
and those who never had recovery of spontaneous menstrual periods after completion of cancer
therapy)

2. Compare the fertility of CCSS members by pituitary irradiation (No RT, 1 - 1800 cGy, 1801 —
2399 cGy, 2400 — 4000 cGy, > 4000 cGy, Unknown) , ovarian (testicular) irradiation (No RT, 1 -
500 cGy, 501 -~ 1000 cGy, 1001 - 2000 cGy, > 2000 cGy, Unknown), uterine irradiation (No RT, 1
~ 500 cGy, 501 — 1000 cGy, 1001 - 2000 cGy, 2001 - 4000 cGy, > 4000 cGy, Unknown), drug
administration (yes/no; drug tertiles), tobacco use {yes/no}, alcohol use (yes/no)

3. Develop multivariate models for fertility using the results of the univariate analyses performed
above.

HYPOTHESES

1. The fertility of CCSS members will be decreased compared to their sex-matched siblings.

2. The fertility of CCSS female members who received uterine irradiation will be decreased

compared to those who did not receive such irradiation.




The fertility of female CCSS members who received ovarian irradiation will be decreased
compared to those who did not. The relative fertility following ovarian irradiation will show a dose-
response relationship, with decreasing fertility after increasing doses of ovarian irradiation.

4, The fertility of male CCSS members who received testicular irradiation will be decreased
compared to those who did not. The relative fertility following testicular irradiation will show a
dose-response relationship, with decreasing fertility after increasing doses of testicular irradiation.

5. The fertility of CCSS members who received pituitary irradiation will be decreased compared to
those who did not. The relative fertility following pituitary irradiation will show a dose-response
relationship, with decreasing fertility after increasing doses of pituitary irradiation.

6. The fertility of female and male CCSS members who received nitrogen mustard,

cyclophosphamide, busulfan, chlorambucil, ifosfamide, melphalan, thiotepa, cis-platinum,

cytosine arabinoside or procarbazine will be decreased compared to those CCSS members who

did not receive the agent. Relative fertility following treatment with each of these agents will

demonstrate a dose-response relationship, with decreasing fertility with increasing tertile of

cumulative drug dose.

ANALYSIS FRAMEWORK:

These analyses will include all CCSS members who reported that they were sexually active. Comparisons
will be made internally, when examining specific treatment effects, and to the sibling controls when
evaluating diagnostic categories, broad treatment groups, age at diagnosis, attained age at the time of
first pregnancy. The number of person-years until time of first pregnancy will be determined: those who
have not become pregnant will be treated as censored data, with date of questionnaire completion (or
death) as the end-point. Poisson regression models will be used for the comparisons listed in aims 1 and
2 above, using multiple regression to determine end-points for those cases whose date of first pregnancy
is unknown. A multivariate model will be constructed after review of the univariate results.




TABLE |
RELATIVE FERTILITY OF FEMALES (MALES) BY AGE AT START OF PREGNANCY

AGE AT

START OF CASES SIBS RELATIVE FERTILITY (95% Cl)
FIRST

PREGNANCY

<15

15-20
21-25
26-30
31-35

> 35
UNKNOWN

TOTAL

CASES
SIBS

* - 95% Cl — 95% Confidence Interval




TABLE Il
RELATIVE FERTILITY OF FEMALES (MALES) BY DIAGNOSIS
DIAGNOSIS N RELATIVE FERTILITY (95% Ci)

LEUKEMIA

CNS

HODGKIN'S

NHL

KIDNEY (WILMS)
NEUROBLASTOMA
STS

BONE CANCER
SIBLING CONTROL

CNS — Central Nervous System, NHL — Non-Hodgkin’s Lymphoma, STS — Soft Tissue Sarcoma
N — Number, 95% CI - 95% Confidence Interval




TABLE HlI

RELATIVE FERTILITY OF FEMALES (MALES) BY TREATMENT

TREATMENT N RELATIVE FERTILITY (95% Cl)

CHEMO ONLY
SURG ONLY

RT ONLY
CHEMO+SURG
CHEMO+RT
SURG+RT
CHEMO+SURG+RT
UNKNOWN

SIBLING CONTROL

CHEMO - Chemotherapy, SURG — Surgery, RT — Radiation therapy, N — Number, 95% Cl — 95%
Confidence Interval




TABLE IV

RELATIVE FERTILITY AMONG FEMALES (MALES)
BY PITUITARY IRRADIATION DOSE

N RELATIVE FERTILITY (95% CI)*
NO RT
PITUITARY RT DOSE 1 - 1800 cGy
PITUITARY RT DOSE 1801 — 2399 cGy
PITUITARY RT DOSE 2400 — 4000 cGy
PITUITARY RT DOSE > 4000 cGy

PITUITARY RT UNKNOWN

N — Number, *-95% CIl - 95% Confidence Interval




TABLE V
RELATIVE FERTILITY OF FEMALES (MALES) BY OVARIAN (TESTICULAR) IRRADIATION DOSE

TREATMENT N RELATIVE FERTILITY (95% CI)

NO RT

OVARIAN (TESTICULAR) RT DOSE 1 — 500 cGy
OVARIAN (TESTICULAR) RT DOSE 501 — 1000 cGy
OVARIAN (TESTICULAR) RT DOSE 1001 - 2000 cGy
OVARIAN (TESTICULAR) RT DOSE > 2000 cGy

OVARIAN (TESTICULAR) RT UNKNOWN

N — Number, 95% Cl — 95% Confidence Interval, RT — Radiation Therapy




TABLE VI

RELATIVE FERTILITY AMONG FEMALES BY UTERINE IRRADIATION DOSE

N RELATIVE FERTILITY (95% CI)*
NO RT
UTERINE RT DOSE 1 - 1800 cGy
UTERINE RT DOSE 1801 — 2400 cGy
UTERINE RT DOSE 2401 — 4000 cGy
UTERINE RT DOSE > 4000 cGy

UTERINE RT UNKNOWN

N — Number, * - 95% CIl — 95% Confidence Interval




TABLE Vil
RELATIVE FERTILITY OF FEMALES (MALES) BY CHEMOTHERAPY DRUG

CHEMOTHERAPY DRUG N RELATIVE FERTILITY (95% CI)

ACTINOMYCIN-D

BCNU (CARMUSTINE

CCNU (LOMUSTINE)
CIS-PLATINUM
CYCLOPHOSPHAMIDE (CYTOXAN)
DAUNORUBICIN (DAUNOMYCIN)
DOXORUBICIN (ADRIAMYCIN)
DTIC

NITROGEN MUSTARD
PROCARBAZINE

VINBLASTINE (VELBAN)
VINCRISTINE

VM-26 (TENIPOSIDE)

VP-16 (ETOPOSIDE)

N — Number, 95% Cl — 95% Confidence Interval




TABLE VIli

RELATIVE FERTILITY OF FEMALES BY CHEMOTHERAPY DRUG TERTILE

ACTINOMYCIN-D

BCNU (CARMUSTINE)

CCNU (LOMUSTINE)

CIS-PLATINUM

CYCLOPHOSPHAMIDE

DAUNORUBICIN

DOXORUBICIN

NITROGEN MUSTARD

PROCARBAZINE

VM-26 (TENIPOSIDE)

VP-16 (ETOPOSIDE)

ROUTE

v

PO

v

PO

PO

DOSE

LowW
MEDIUM
HIGH

LOW
MEDIUM
HIGH

LOW
MEDIUM
HIGH

LOW
MEDIUM
HIGH

LOW
MEDIUM
HIGH

LOW
MEDIUM
HIGH

LOW
MEDIUM
HIGH

LOW
MEDIUM
HIGH

Low
MEDIUM
HIGH

LOW
MEDIUM
HIGH

LOW
MEDIUM
HIGH

LOW
MEDIUM

N

RELATIVE FERTILITY (95% ClI)




HIGH

N — Number, 95% Cl — 95% Confidence Interval
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