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Abstract
Survival and endocrine status in a cohort
of boys with acute lymphoblastic leukae-
mia (ALL) who started treatment between
1972 and 1987 and subsequently developed
a testicular relapse were analysed. During
this period there was a significant im-
provement in the overall event free sur-
vival for boys, but no significant decrease
in the testicular relapse rate. Thirty three
boys had an apparently isolated testicular
relapse, whereas 21 boys had a combined
relapse. The event free survival for boys
with an isolated testicular relapse was 59%
at six years (95% confidence interval (CI)
42 to 74%). The event free survival for the
16 patients with a combined relapse who
received a second course of treatment was
32% (95% CI 17 to 60%). Those patients
receiving adequate second line treatment
for an isolated testicular relapse whose
first remission was longer than or equal to
two years had an event free survival of 82%
(95% CI 63 to 93%) at six years. No boy
relapsing within two years from diagnosis
has survived. Endocrine late eVects are
significant, with 82% of the boys requiring
hormonal treatment at some stage for
induction of puberty or continuing puber-
tal maturation, or both. It is concluded
that, despite the increasing intensity of
initial treatment for ALL, isolated testicu-
lar relapse is treatable by conventional
means inmost patients. Careful endocrine
follow up of these patients is essential as
most will require hormone replacement
treatment.
(Arch Dis Child 1997;76:190–196)
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We and others have previously shown that the
outlook for patients with an isolated testicular
relapse of acute lymphoblastic leukaemia
(ALL) is good and there is a significant chance
of a prolonged second remission after conven-
tional treatment.1 2 It is not clear, however,
whether patients who relapse after more mod-
ern intensive treatment are equally curable or
whether the outcome has changed since aban-
doning the routine taking of testicular biopsy
samples before treatment is electively stopped.
Retrieval treatment after testicular relapse,
including testicular irradiation and systemic
and central nervous system treatment, is eVec-
tive, but has sequelae which become increas-
ingly important with improved length of

survival. We have therefore reviewed the
outcome in all children with ALL treated at the
Hospital for Sick Children between 1972 and
1987 whose first remission ended in an isolated
testicular relapse, and have examined the
endocrine status of all long term survivors.

Patients and methods
Seven hundred and sixty children with ALL
were referred to the Hospital for Sick Children,
Great Ormond Street between January 1972
and December 1987; 424 were boys. Patients
have been followed up to July 1995.

INITIAL TREATMENT

The 15 year study was divided into three peri-
ods of progressively more intensive initial
treatment: period 1, 1972–8, the early UK
Acute Lymphoblastic Leukaemia (UKALL)
trials3; period 2, 1979–82, Great Ormond
Street PLOD protocol and UK Children’s
Cancer Study Group (UKCCSG) protocol for
T cell leukaemia4 5; and period 3, 1983–8,
UKALL X pilot and UKALL X.6

Treatment in period 1 included three drug
induction and continuing treatment with mer-
captopurine, methotrexate, vincristine, and
prednisolone. Patients in period 2 received
more prolonged four drug induction and
continuing treatment which included a ran-
domisation to methotrexate given once a week
by mouth or intramuscularly—the PLOD pro-
tocols. During this period patients with T cell
disease were treated with the UKCCSG
protocol.5 Period 3 included the pilot and full
Medical Research Council UKALL X protocol
with four drug induction, then randomisation
to early consolidation or late consolidation,
both versus no consolidation blocks followed
by continuation treatment for up to two years.
All patients received central nervous system
directed treatment with cranial irradiation of
24 or 18 Gy and a course of intrathecal
methotrexate.6 Before completing treatment all
children had a bone marrow and lumbar punc-
ture. Bilateral testicular wedge biopsy samples
were taken, first retrospectively in mid-1977
and thereafter from all patients stopping treat-
ment between 1977 and 1981, a negative
biopsy sample being essential before stopping
treatment. Routine biopsy samples were not
taken after 1982 so that no child in period 3
had an end of treatment biopsy sample taken.
All patients have been followed up to July
1995.
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MANAGEMENT OF THE ISOLATED TESTICULAR

RELAPSE

An isolated testicular relapse was proved by a
wedge biopsy sample and concomitant bone
marrow and cerebrospinal fluid examinations
were performed. More exhaustive evaluation
was not undertaken.7 Most patients received
systemic reinduction and consolidation and
continuation treatment with treatment di-
rected towards the central nervous system with
intrathecal methotrexate and local testicular
irradiation. High dose intravenous methotrex-
ate and epirubicin have been included in the
management of relapse since 1987. Standard
radiotherapy consisted of 24 Gy in 12 fractions
to the testes and spermatic cords to the level of
the internal iliac ring.
Two boys relapsing before 1977 received

inadequate retrieval treatment with vincristine
and prednisolone reinduction followed by
radiotherapy and continuation therapy. Three
boys received non-standard radiotherapy, two
receiving only 12 Gy, one of whom received
only unilateral radiation. The third received 30
Gy due to a slow rate of testicular shrinkage
while receiving radiotherapy. Allogeneic bone
marrow transplantation was used in those boys
relapsing during treatment if a histocompatible
sibling donor was available. Pretransplantation
preparation included cyclophosphamide and
total body irradiation with a testicular boost.

MANAGEMENT OF A COMBINED RELAPSE

During this study period 21 additional patients
sustained a combined relapse, with either cen-
tral nervous system or bone marrow involve-
ment, or both, and testicular disease. The
treatment of choice for those with a histocom-
patible sibling donor was allogeneic bone mar-
row transplantation. Boys who did not have a
suitable donor were considered for mega-
therapy with autologous bone marrow rescue.
Otherwise second line treatment was broadly
similar to that described earlier.

ENDOCRINE ASSESSMENT

Gonadal function was assessed clinically and
biochemically. Pubertal status was defined
using the criteria of Tanner, testicular volume
was measured with a Prader orchidometer,8 9

and bone age was assessed by the Tanner and
Whitehouse method in most patients.10 Entry
into puberty was taken as the point at which
genital development progressed from stage I to
II. Testicular volume is reduced by testicular
irradiation, thus testicular size cannot be used
as an indicator of pubertal onset. Biochemical
evidence of gonadal damage was sought by
measuring basal serum gonadotrophins and
testosterone in patients of pubertal age. Stand-
ard commercial reagents used in the endocrine
laboratories of Great Ormond Street Hospital
for Children NHS Trust and St Bartholomew’s
Hospital, London were used to determine hor-
mone levels. Serum concentrations of luteinis-
ing hormone, follicle stimulating hormone, and
testosterone were estimated by radioimmu-
noassay. All samples were taken during the
daytime. Normal values for these laboratories
for boys in early to mid-puberty are testoster-
one 11–33 nmol/l, basal luteinising hormone
0.5–1.8 IU/l, and basal follicle stimulating hor-
mone 0.5–2.0 IU/l.

STATISTICAL METHODS

The results were analysed by log rank analysis
using the SUREAL computer program.

Results
INCIDENCE OF A TESTICULAR RELAPSE

Four hundred and twenty four boys were
treated between January 1972 and December
1987. Fifty four boys had a testicular relapse,
33 isolated and 21 in combination (fig 1). Of
the combined group, two had a central nervous
system and testicular relapse, 17 relapsed in the
bone marrow and testes, and two relapsed in all
three sites. Although the rate of testicular
relapse has declined over the three periods of
increasing intensity of initial treatment, the dif-
ference is not statistically significant (table 1).
There was, however, a highly significant
improvement in the overall event free survival
(p < 0.00004) (table 1).

TIMING OF ISOLATED TESTICULAR RELAPSE

The time to relapse ranged from 22 to 1684
days with a median of 875 days. Six boys
relapsed during treatment, ranging from 22 to
585 days after the start of treatment. Ten boys
were found to have testicular leukaemia when a
biopsy sample was taken at the end of

Figure 1 Outcome of boys with testicular relapse, 1972–87; (A)BMT = (autologous)
bone marrow transplantation.

760 Children with ALL
1972�87

424 Boys (56%)

54 Testicular relapse

21 Combined relapse33 Isolated testicular
relapse

32
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�5 No further
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�2 Died during
reinduction

�1 No further
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Table 1 Testicular relapse by time of first treatment (1972-7)

Period Years
No of
patients

No of
boys

All events Testis ± bone marrow

No
Observed/
expected No Isolated

Observed/
expected

1 1972-8 299 169 116 1.4 22 15 1.22
2 1979-82 216 122 67 1.0 18 12 1.19
3 1983-7 245 133 54 0.62 14 6 0.67
Total 760 424 237 p < 0.00004 54 33 p = 0.084
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treatment. Sixteen boys presented with overt
testicular relapses after the end of treatment,
nine of whom had negative end of treatment
biopsy samples. Three boys were treated before
the institution of routine taking of testicular
biopsy samples and four after the end of this
procedure.
Of the 16 children with an overt relapse after

treatment, all but three relapsed in the first year
after the end of treatment. The median time to
relapse of an overt relapse was 150 days and the
range 60–1684 days after the end of treatment.
Overt relapse after a negative end of treatment
biopsy sample occurred in nine boys: the
median time to relapse was 35 weeks (range
8–156 weeks).

OUTCOME OF AN ISOLATED TESTICULAR RELAPSE

As shown in fig 1, 32 patients with an isolated
relapse and 16 patients with a combined
relapse received further treatment and their
outcome is shown in fig 2, where the event free
survival is 59% for isolated relapse and 32% for
combined relapse at six years. In fig 3 the out-
come for patients with an apparent isolated
relapse is shown according to the length of the
first remission.
There were no long term survivors who

relapsed up to two years from diagnosis. Six
boys presented with an overt relapse while
receiving initial treatment. One died from sep-
ticaemia during reinduction, whereas five
relapsed in the bone marrow after retreatment,
one after allogeneic bone marrow transplanta-
tion. Occult testicular leukaemia was found in
the end of treatment biopsy sample in 10 boys.
Eight remain in long term remission from 126
to 200 months, whereas two have died, one fol-

lowing a bone marrow relapse during retrieval
treatment and the other after multiple relapses
in the bone marrow and central nervous
system. Sixteen boys had an overt relapse after
treatment; four died subsequently despite
further treatment. Three patients received
inadequate treatment: the first presented with
bilateral testicular disease 20 months after
treatment and received retrieval chemotherapy
plus a left orchidectomy and irradiation (12
Gy) of the right testis. He subsequently had a
right sided testicular relapse and further treat-
ment with bone marrow transplantation, but
died. The second patient received only vincris-
tine and prednisolone reinduction therapy fol-
lowed by irradiation and maintenance. He had
two further bone marrow relapses before dying
and it is possible that more intensive treatment
may have been successful in this case. The third
received vincristine and prednisolone reinduc-
tion and 15 Gy testicular irradiation; he subse-
quently had a central nervous system and bone
marrow relapse, but is now in long term remis-
sion. One boy received 30 Gy testicular
irradiation due to a slow local response to
radiotherapy. He later suVered a central
nervous system relapse and died from toxicity
during bone marrow transplantation.
Excluding the patients who received inad-

equate treatment, the event free survival for the
patients who relapsed after more than two
years is 82% (95% confidence interval (CI) 49
to 82%).
Overall, 20 patients are oV treatment in sec-

ond remission, ranging from 48 to 200 months
(median 120 months) (fig 3). There was no
significant diVerence in second remission
outcome between those presenting either with
an occult or an overt relapse, suggesting that
there is no benefit in taking an end of treatment
testicular biopsy sample (table 2).

FACTORS INFLUENCING THE LENGTH OF SECOND

REMISSION AFTER AN ISOLATED RELAPSE

Factors influencing remission were analysed by
log rank analysis. There was no significant dif-
ference in white cell count, age at presentation,
nor the time period during which they received
treatment between those remaining in second
remission and those in whom second line
treatment was unsuccessful (table 2). The most
important prognostic factor for prolonged sec-
ond remission was the length of the first remis-
sion (p > 0.02) (table 2).

OUTCOME OF COMBINED TESTICULAR RELAPSE

Twenty one boys had a combined relapse; five
patients were not treated, leaving 16 patients.
Five of these underwent bone marrow trans-
plantation, three allogeneic and two autologous
(fig 1). The second treatment for the remaining
11 patients was broadly similar to that for iso-
lated testicular relapse. The overall event free
survival for boys with a combined relapse was
32% (95% CI 17 to 60%). There are seven
survivors, three of whom received conventional
treatment. The outcome of boys with an
isolated relapse is compared with those with a
combined relapse in fig 2. Although the

Figure 2 Comparative outcome for patients with isolated
versus combined relapse.
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Figure 3 Survival by length of first remission.
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numbers are relatively small, the fate of those
with a combined relapse is clearly worse.

ENDOCRINE STATUS

The endocrinological outcome of long term
survivors of testicular relapse is summarised in
table 3. Of the seven survivors with a combined
relapse, four underwent bone marrow trans-
plantation. Because of the extensive endocrine
late eVects that follow such treatment these
patients are not considered further, leaving
three evaluable boys. All but one of the 20 long
term survivors of an isolated relapse is of
pubertal age. Thus the three long term
survivors of combined relapse who received
conventional treatment and the 19 survivors of
an isolated relapse, now of pubertal age, make
a total of 22 evaluable boys. Puberty was
induced in 16 of these boys, with six entering
puberty spontaneously, although two subse-
quently required sex hormone replacement
therapy for pubertal arrest. Overall 18 boys

(82%) are now receiving sex hormone replace-
ment therapy.
The mean (SD) age at testicular radiation in

the group entering puberty spontaneously was
9.54 (1.8) years compared with 7.68 (3) years
in those requiring pubertal induction. Nine-
teen of the 22 pubertal patients had raised fol-
licle stimulating hormone levels and 18 of 22
had raised luteinising hormone levels, suggest-
ing gonadal damage. Two patients had normal
plasma levels of follicle stimulating hormone
and luteinising hormone, but did not enter
puberty at 13 and 13.8 years, suggesting a
diagnosis of hypogonadotropic hypogonadism.
Six boys had compensated hypogonadism, but
entered puberty spontaneously despite in-
creased gonadotropins. Two boys of this group
now require testosterone replacement due to
arrested pubertal maturation. The age at entry
into puberty is compared with the normal
population in fig 4. All except three entered
puberty later than average, six boys more than
1 SD from the mean and seven more than 2 SD
from the mean.Most of those entering puberty
spontaneously did so late, four of the six greater
than 1 SD from the mean. Because of the age
group studied, no formal assessment of semen
was made in this series of patients, except for
two subjects who were azoospermic.

Discussion
Gender remains an important prognostic
factor in the treatment of ALL, with boys, in
most trials, having a worse outcome.11–13 This
may be due either to the testis acting as a sanc-
tuary site or to inadequate systemic treatment.
The blood-brain barrier forms an anatomical
basis for considering the central nervous
system as a sanctuary site; there is, however, no
clear evidence for such a barrier in the testis.
Histological examination of testicular leukae-
mia shows that most blasts are found in the
interstitium, with little evidence for tubular
infiltration.14 Methotrexate and cyclophospha-
mide can penetrate this interstitial space, albeit

Table 2 Factors influencing secondary remission after isolated testicular relapse

Factor No Observed Expected Observed/expected p Value

Age at diagnosis (years)
< 3 4 1 2.11 0.47
3-7 17 7 7.83 0.89 0.204
> 7 11 6 4.04 1.48

Year of first treatment
1972-8 15 5 6.82 0.73
1979-82 11 6 4.74 1.28 0.408
1983-7 6 3 2.47 1.26

Type of relapse
Overt 21 11 9.09 1.21
Occult 11 3 4.91 0.61 0.284

Length of first remission (days)
−730 6 6 0.93 6.45
−1094 13 4 6.53 0.61 0.002
−1460 11 4 5.41 0.74
−3650 2 0 1.13 0.00

Initial white cell count (× 109/l)
< 50 27 12 12.64 0.95
50-100 2 1 0.79 1.45 0.579
> 100 3 1 0.67 1.50

Type of treatment
Non-standard 3 3 3.13
Standard 16 4 0.53
Intensified 12 6 1.14
Bone marrow transplant 1 1 3.54 0.09

Table 3 Endocrine outcome after treatment of testicular relapse

Patient No

Age at
puberty
(years)

Puberty
induced

Currently receiving sex
hormone therapy

Hormone profile at induction or currently

Testosterone
(nmol/l) LH (IU/l)* FSH (IU/l)†

1 14.0 No No 16.7 16.2 40.0
2 11.7 No No 8.5 24.2 30.1
3 13.0 No No 13.0 41.8 > 50.0
4 12.8 No No 15.8 14.8 63.6
5 13.4 No Yes 3.5 25.0 40.5
6 13.7 No Yes 6.0 38.5 29.3
7 13.1 Yes Yes 0.5 21.6 32.6
8 14.0 Yes Yes 1.6 10.2 34.9
9 14.6 Yes Yes 0.9 12.0 34.2
10 14.0 Yes Yes 0.6 2.2 9.3
11 12.3 Yes Yes 1.4 10.3 16.3
12 12.4 Yes Yes 0.7 21.0 16.0
13 13.0 Yes Yes 0.7 1.4 1.5
14 13.3 Yes Yes 0.4 1.2 12.0
15 15.3 Yes Yes 0.7 3.4 18.3
16 13.2 Yes Yes 2.0 2.4 7.2
17 13.8 Yes Yes 0.8 1.5 1.0
18 14.3 Yes Yes 3.1 20.1 13.3
19 13.1 Yes Yes 0.8 9.8 38.2
20 12.3 Yes Yes 0.8 < 0.8 1.5
21 14.3 Yes Yes — 25.4 58.8
22 14.5 Yes Yes 9.8 9.8 38.2

*Luteinising hormone.
†Follicle stimulating hormone.
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at reduced concentration compared with
plasma levels, suggesting that this pharmaco-
logical ‘sanctuary’ can be overcome by appro-
priate drug scheduling.15 16 Indeed, the rate of
testicular relapse is lowest in those trials of
childhood lymphoblastic leukaemia incorpo-
rating moderate intravenous and high dose
methotrexate.17–20 Furthermore, although pro-
phylactic testicular irradiation eradicates tes-
ticular leukaemia, it does not improve the over-
all prognosis for boys and has unacceptable late
eVects.21 22 This suggests that testicular relapse
reflects the failure of conventional treatment to
eradicate minimal residual disease and that it
would be obviated by more intensive treat-
ment.
In the three consecutive periods of increas-

ing treatment intensity there was a highly
significant improvement in the overall rate of
event free survival. Although the incidence of
isolated testicular relapse has decreased over
the same time periods, the diVerence was not
significant and did not reflect the overall
improved outcome. The isolated testicular
relapse rate of 7.8% in this series lies within the
reported range and is similar to our previously
reported figure.1 2 23–28 There was no significant
change in the event free survival for an isolated
testicular relapse over the three periods of
increasing intensity of initial treatment. Thus
intensive first line treatment has not adversely
aVected the chances of a prolonged second
remission. The event free survival of 59% in
our group reflects the poor outcome of those
relapsing during treatment, all of whom died.
The outcome for those boys who remained in
first remission until the end of the initial treat-
ment and received adequate second line treat-
ment is considerably better, with an event free
survival of 82% at six years. This level of
success is perhaps surprisingly high as we now
know from molecular studies that a true
isolated extramedullary relapse is rare.29 Sub-
microscopic bone marrow disease can be
detected by molecular analysis in most patients
with a clinically determined isolated relapse.29

This reinforces the need for systemic and cen-
tral nervous system directed therapy in second
line treatment. Furthermore, although most
patients did not receive novel drugs or intensive
treatment by modern standards, the outcome is

favourable. This is consistent with boys receiv-
ing inadequate initial treatment, most likely
due to decreased sensitivity to continuation
therapy.11

The rate of combined relapse has not
changed significantly in the most recent time
period, suggesting that the end of taking
routine biopsy samples has not resulted in
increased presentation with disseminated dis-
ease and that the reduction in the rate of
isolated testicular relapse is not due to relapse
elsewhere. In our series a negative end of treat-
ment biopsy sample was a poor predictor of
future events. Overt relapse after a negative end
of treatment biopsy sample occurred in nine
boys, two of these presenting eight weeks after
a normal biopsy sample had been taken. A
routine testicular biopsy sample therefore did
not detect residual blast cells in these patients.
There was no diVerence in outcome between
those presenting with overt versus occult
disease in our series. This suggests that
cessation of end of treatment biopsies has not
had an adverse eVect on disease free survival. A
larger study of 708 boys who had an end of
treatment biopsy sample taken also concluded
that this practice did not significantly improve
disease free survival for boys with ALL.30 As we
have shown here, overt testicular relapse after
treatment is curable in 82% of patients, there-
fore, there is little advantage in attempting to
detect testicular relapse in the occult phase. As
taking a testicular biopsy sample is not without
potential risks,30 31 this practice can no longer
be supported. It is possible that more intensive
primary treatment may delay the time to
relapse, but in this study there is no statistical
diVerence in the mean time to relapse during
the diVering treatment periods. Again, longer
follow up will be required to exclude this
possibility. The only significant factor influenc-
ing the prognosis for second remission was the
timing of the relapse. All of those relapsing
during treatment died, presumably due to drug
resistant disease.
The endocrinological consequences of eVec-

tive treatment in this group are considerable,
82% of those of pubertal age and older now
requiring regular testosterone replacement. Six
boys entered puberty spontaneously, but two of
these subsequently required testosterone re-
placement due to pubertal arrest. Thus even
those children entering puberty spontaneously
need careful long term endocrine follow up. All
four boys who have not required androgen
replacement show compensated hypogonadism
with markedly increased gonadotrophins. Pu-
berty was induced with sex steroid replacement
therapy in 16 boys who did not enter puberty
spontaneously. Notwithstanding the difficulties
of interpretation of basal luteinising hormone
and follicle stimulating hormone levels in
patients who have received testicular and
cranial irradiation, most of this group had
increased gonadotrophins or hypogonado-
trophic hypogonadism. We and others have
previously shown that 24 Gy causes Leydig cell
failure; this study thus confirms the prediction
that most patients will require long term
androgen replacement.32–35 The risk of perma-

Figure 4 Age of entry into puberty of survivors of testicular relapse.
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nent Leydig cell damage appears to be related
to age at irradiation, being greater if radiation is
given during early childhood.32 In our group
those patients entering puberty spontaneously
were older at irradiation than the group that
did not enter puberty without sex hormone
treatment. As the recovery of Leydig cell func-
tion is unlikely after irradiation, especially if
such treatment is given in the prepubertal
era,32 33 there is probably little to be gained by
delaying the initiation of puberty. In view of the
psychological pressures brought to bear on a
child by the diagnosis of malignant disease, we
feel that it is unwise to compound these eVects
to allow pubertal delay with resultant peer
group pressure. Hence our current policy is to
induce puberty at an age not greater than 1 SD
from the mean.
The one surviving patient who received 12

Gy of testicular irradiation has not required
hormonal replacement therapy. He spontane-
ously entered puberty at 14 years (2 SD),
despite markedly increased basal gonadotropin
levels. A similar pattern has been seen in other
boys who received between 12 and 15 Gy of
testicular irradiation.22 Although these boys are
likely to be sterile, Leydig cell function is often
suYciently preserved at this lower dose to
enable pubertal development. Thus using 12 or
15 Gy, instead of 24 Gy, of testicular
irradiation in the management of testicular
relapse of ALL is attractive in terms of the long
term consequences. The eYcacy of this lower
dose is not proved, certainly doses lower than
12 Gy are suboptimum,36 and, although some
groups have suggested that 12 Gy should be
used in the treatment of testicular relapse,28 it is
not clear that this dose provides adequate
treatment. Based on the radiosensitivity of tes-
ticular leukaemia to radiotherapy,37 most work-
ers suggest that doses above 22 Gy should be
used.1 23 24 27 38–40 Occasionally higher doses are
required if there is a poor local response, as in
one of our patients.41 As testicular relapse is a
marker for persistent leukaemia warranting
aggressive treatment, we feel that 24 Gy is still
indicated as part of the treatment of testicular
relapse despite the long term sequelae. The low
incidence of testicular relapse reported in stud-
ies using intravenous methotrexate17–20 are
exciting and may herald a reduction in this
complication. Analysis of the outcome of boys
receiving this treatment will be of interest.
The adequacy of the testosterone dose was

assessed by direct questioning of sexual
function: the number of early morning erec-
tions, emissions per week, and libido. Although
sexual function was not formally assessed, the
young adults receiving testosterone appeared
to be satisfied with their level of sexual
function. It may be of interest to investigate this
more formally by a questionnaire study. Similar
findings with respect to secondary sexual char-
acteristics and adequacy of sexual function
have been reported in a group of boys with
ALL and radiation induced Leydig cell failure.
This study also found that seven of eight boys
achieved their target genetic height.42

Leukaemic infiltration of the testes has been
postulated as one of the mechanisms leading to

Leydig cell dysfunction after testicular
relapse.35 In this series four of the six children
who entered puberty spontaneously had bilat-
eral testicular infiltration at relapse, providing
indirect evidence that interstitial involvement
by blast cells per se is not the major factor. The
evaluation of cause and eVect leading to Leydig
cell failure in these patients is complex due to
the diversity of the treatments received. One
study has looked at the endocrine sequelae in a
group of boys who received identical chemo-
therapy, but diVering radiotherapy—either cra-
nial, craniospinal, or cranial plus testicular
radiotherapy for localised relapse. Leydig cell
function was not aVected by chemotherapy,
but only by testicular radiotherapy in doses
higher than 12 Gy.43 Other studies have found
similar results,44 45 one group, however, finding
that their patients had evidence of compen-
sated hypogonadism reflecting gonadal damage
on laboratory testing.46 As chemotherapy and
leukaemic infiltration are not implicated, tes-
ticular irradiation using a dose of 24 Gy must
be the major factor leading to Leydig cell fail-
ure, although occasionally hypogonadotrophic
hypogonadism is observed, presumably due to
concurrent cranial radiotherapy.
Although all the boys in this study receiving

24 Gy of testicular irradiation had reduced tes-
ticular volume, only one patient requested tes-
ticular implants. Obtaining samples for analysis
of sperm count has been diYcult, but of the
two performed, both were azoospermic, as
predicted.22

We conclude that isolated testicular relapse
after the completion of treatment carries a
relatively good prognosis with retrieval therapy
that includes systemic reinduction, 24 Gy
testicular irradiation, central nervous system
directed, and continuation therapy. Increas-
ingly intensive first line treatment does not
appear to have adversely aVected the chances
of a prolonged second remission. Preliminary
evidence suggests that the incidence of an iso-
lated testicular relapse may be declining with
more intensive chemotherapy, although the
possibility that the time to relapse is prolonged
cannot yet be excluded. As there has been no
absolute increase in the number of isolated tes-
ticular or combined relapses since the end of
taking a routine biopsy sample, this practice is
no longer of benefit. The long term conse-
quences of retrieval treatment include sterility
and endocrine dysfunction, with most patients

Key messages
x Testicular relapse remains an important
cause of the failure to cure boys with ALL

x Isolated testicular relapse after treatment
carries an 82% six year survival with
adequate retrieval treatment

x Patients developing a testicular relapse
during treatment fare badly

x Endocrine sequelae in this group of
patients are significant, but treatable; long
term follow up is essential
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requiring sex steroid supplementation to
progress through puberty, and to retain sec-
ondary sexual characteristics, libido, and
sexual function.
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