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Objective: To assess family size and timescale for achieving pregnancy in women who remain fertile after cancer.
Design: Population-based analysis.
Setting: National databases.
Patient(s): All women diagnosed with cancer before the age of 40 years in Scotland, 1981–2012 (n ¼ 10,267) with no previous
pregnancy; each was matched with 3 population controls.
Intervention(s): None.
Main Outcome Measure(s): The number and timing of pregnancy and live birth after cancer diagnosis, to 2018.
Result(s): In 10,267 cancer survivors, the hazard ratio for a subsequent live birth was 0.56 (95% confidence interval, 0.53–0.58) overall.
In women who achieved a subsequent pregnancy, age at live birth increased (mean� SD, 31.2� 5.5 vs. 29.7� 6.1 in controls), and the
family size was lower (2.0 � 0.8 vs. 2.3 � 1.1 live births). These findings were consistent across several diagnoses. The interval from
diagnosis to last pregnancy was similar to that of controls (10.7� 6.4 vs. 10.9� 7.3 years) or significantly increased, for example, after
breast cancer (6.2 � 2.8 vs. 5.3 � 3.3 years) and Hodgkin lymphoma (11.1 � 5.1 vs. 10.1 � 5.8 years).
Conclusion(s): These data quantify the reduced chance of live birth after cancer. Women who subsequently conceived achieved a
smaller family size than matched controls, but the period of time after cancer diagnosis across which pregnancies occurred was similar
or, indeed, increased. Thus, we did not find evidence that women who were able to achieve a pregnancy after cancer had a shorter
timescale over which they have pregnancies. (Fertil Steril� 2022;117:387–95.�2021 by American Society for Reproductive Medicine.)
El resumen está disponible en Español al final del artículo.
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T he diagnosis of cancer and its
treatments, including chemo-
therapy, radiotherapy, and

surgery, have established adverse ef-
fects on fertility in both women and
men (1–3). This effect is evident across
cancer diagnostic groups, with an
overall reduction in the number of
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women achieving a pregnancy after
cancer of approximately 38%
compared with population controls
(4). Direct effects on the reproductive
system in women include loss of
ovarian follicles with an increased risk
of infertility and premature ovarian
insufficiency (POI) (5, 6) and damage
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to the uterus (7, 8), with these effects
varying with treatment type and dose
and age (3, 9, 10). The risk of early
menopause also varies by treatment
type (11, 12). Effects on the
hypothalamus and pituitary gland
impacting reproductive function may
also result from cranial irradiation or
surgery (13). Additionally, pregnancy
complications are more common in
cancer survivors (14): radiotherapy to
a field that includes the uterus is the
most established risk factor (15, 16),
but there is also some evidence that
chemotherapy can be associated with
pregnancy complications (17).

There are additionally several other
factors that influence the likelihood of
pregnancy after cancer, including ef-
fects on rates of cohabitation/marriage,
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sexuality, and the impact of other long-term health conse-
quences (generally termed ‘‘late effects’’) of cancer treatment
(18–23). Concerns regarding health status and disease
recurrence may also be significant in decisions regarding
family building after treatment (24); others may be
voluntarily childless (25). Thus, there is a complex interplay
of biologic, psychologic and social factors that determine
postcancer fertility (26).

Studies that assess the achievement of successful preg-
nancy generally report this as a bimodal event, for example,
a live birth was achieved or not, in relation to cancer diagnosis
and treatment modality and regimen, with few studies assess-
ing the fertility of women who are able to conceive after cancer
treatment. There is some evidence that in the absence of POI,
cancer survivors have a greater prevalence of infertility (27,
28). Studies assessing ovarian reserve biomarkers as a
surrogate endpoint indicate that several women have reduced
anti-Mullerian hormone (AMH) levels after cancer treatment,
indicating a possible risk of later loss of fertility and POI (29–
31). There is little information on completed family size in
cancer survivors or whether, as suggested by the reduced
ovarian reserve identified in several survivors, the remaining
ovarian function results in a reduced reproductive lifespan.
In this study, we analyzed all pregnancies and live births in
an unbiased, population-based cohort of cancer survivors to
address the questions of whether the number of births to female
cancer survivors who are able to achieve pregnancy is different
from the matched controls and whether the time distribution of
those pregnancies indicates an effect on the period of time over
which pregnancy and childbirth can be achieved, as an index
of fertile lifespan.
MATERIALS AND METHODS
The Scottish cancer registry records from 1981 through 2012
were linked to maternity and death records from 1981 to
September 2018. The primary exposed group was extracted
as all females with a cancer diagnosis at the age of <40 years
and no previous pregnancy before cancer diagnosis. Mater-
nity records are hospital based and, thus, are not comprehen-
sive for early miscarriage. For each exposed subject, 3
controls from the population were matched using the unique
personal Community Health Index number allocated to each
person in Scotland at birth or on first registration with the Na-
tional Health Service. Matching was by age at diagnosis,
period of diagnosis by decade, previous pregnancy history,
and socioeconomic status using deprivation index quintiles
on the basis of Scottish postal address data (32). Any ages
at death were recorded for the exposed group, and the
competing risk of maternity events was censored (accounted
for by excludingmaternity records) for a control after the date
of death for her exposed match.

Hazard ratios (HRs) for live birth were calculated using
the Cox proportional hazard models with event as first live
birth, time to event as the difference between the date of de-
livery and date of diagnosis, and groups exposed or controls
and are reported with 95% confidence intervals. Fertile survi-
vors were those cancer registry patients with at least 1 subse-
quent pregnancy recorded in the maternity records. These
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were compared against their controls—adjusted for competing
risks—in terms of age at live birth, family size, and the time
period between diagnosis and last pregnancy as an index of
fertile lifespan. The means and standard deviations were
calculated, with an unpaired t-test adjusted where necessary
for unequal variance for the null hypothesis that the means
were equal. Density charts were produced, subset by diag-
nosis. The area under the curves for both the exposed and
control groups was 1, with the charts showing how time
from diagnosis to last live birth is distributed for both groups.
All data linking, chart production, and analysis were per-
formed using R version 3.6.1.

This analysis was approved by the National Health Ser-
vice Scotland Public Benefit and Privacy Panel for Health
and Social Care (reference 1819-0186).
RESULTS
Effect of cancer on live birth rates

A total of 10,267 cancer survivors aged <40 years at cancer
diagnosis and who had not been pregnant before diagnosis
were identified; of these, 2,261 women had at least 1 preg-
nancy, and 2,184 had at least 1 live birth over the period of
analysis (median, 16.3 years’ follow-up; interquartile range,
7.8–26.4 years). These were compared with 28,950 controls,
matched for age, time period, and deprivation score, who like-
wise had not been pregnant before entry into the study. Of
these controls, 10,010 had a pregnancy and 9,734 had a live
birth over the same period of analysis (Fig. 1). Thus, women
were less likely to have a live birth after a cancer diagnosis,
with an overall HR of 0.56 (95% confidence interval, 0.53–
0.58). Analysis by specific cancer diagnostic groups showed
the wide range of diagnoses associated with a reduction in
the likelihood of live birth after cancer, with among the
more common diagnoses, HRs as low as 0.29 for brain/central
nervous system (CNS) cancer and below 0.5 for cervical,
breast, colorectal, and bone cancers, non-Hodgkin lym-
phoma, and leukemia (Fig. 1). Skin and thyroid cancers
were also associated with significantly reduced HRs (0.83
and 0.79, respectively).
Impact of Cancer on Age at Live Birth

Subsequent analyses investigated reproductive function in
‘‘fertile survivors,’’ defined as women achieving at least 1 preg-
nancy after cancer diagnosis. These were compared with their
matched controls. Themean age atfirst live birth was greater in
cancer survivors overall (31.2 � 5.5 vs. 29.7 � 6.1 years,
P< .001), and this was confirmed across most diagnoses
(Table 1), indicating a cancer-related delay in age at childbirth.
This was not seen, however, for cervical cancer, where the
mean age at live birth was similar in cancer survivors (32.8
� 4.3 vs. 33.0� 4.2 years, P¼ .41). How age at live birth varied
with age at diagnosis was explored in 3 conditions, that is,
breast cancer, Hodgkin lymphoma, and leukemia, representing
diagnoses with peak incidence in adulthood, adolescence, and
childhood, respectively (Table 1). In all 3 conditions, however,
the pattern was fairly consistent. In breast cancer, with an
overall mean age at live birth of 1.2 years older than controls,
VOL. 117 NO. 2 / FEBRUARY 2022



FIGURE 1

Hazard ratio (HR) and 95% confidence interval (CI) for live birth after cancer for subsequent live birth (LB) in women with cancer diagnosed at the
age of <40 years, with diagnosis from 1981 through 2012, with births up to the end of 2018, compared with matched controls. CNS ¼ central
nervous system.
Anderson. Fertility in women after cancer. Fertil Steril 2021.
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the differences were 1.0, 1.2, and 1.2 years in 3 groups span-
ning age at diagnosis from 25–29, 30–34, and 35–39 years,
respectively (P< .05 to < .001 vs. controls). In Hodgkin lym-
phoma, the overall difference was 1.7 years older, and the dif-
ferences were 0.7 (P¼ .45), 1.9 (P< .001), and 1.2 (P< .01) years
TABLE 1

Age at live birth, family size (number of live births), and interval to last p
pregnancy.

Cancer type n FS

Age at LB (mean; SD)

FS Controls P

All diagnoses 2,265 31.2; 5.5 29.7; 6.1 < .001
Colorectal 31 32.9; 5.6 31.1; 6.1 < .05
Skin (melanoma and

nonmelanoma)
794 32.5; 4.9 31.3; 5.3 < .001

Connective and soft tissue 45 29.7; 5.2 27.4; 6.0 < .001
Breast, all ages 156 35.6; 4.4 34.4; 4.4 < .001

Breast, 25–29 48 32.9; 3.3 31.9; 3.2 < .05
Breast, 30–34 59 36.7; 2.4 35.5; 2.9 < .001
Breast, 35–39 45 40.6; 2.4 39.4; 2.5 < .01

Cervix uteri 153 32.8; 4.3 33.0; 4.2 .41
Ovary 149 30.1; 5.1 30.3; 5.6 .58
Brain CNS 94 27.4; 5.3 26.9; 6.0 .34
Thyroid 167 31.2; 5.0 30.2; 5.8 < .01
Hodgkin lymphoma, all ages 261 29.9; 5.2 28.2; 5.5 < .001

Hodgkin lymphoma, 0–14 36 25.9; 6.3 25.2; 6.0 .45
Hodgkin lymphoma, 15–24 157 29.0, 4.4 27.1; 5.0 < .001
Hodgkin lymphoma, 25–29 64 32.8; 3.1 31.6; 3.8 < .01

Non-Hodgkin lymphoma 69 30.9; 5.6 29.0; 6.2 < .01
Leukemia, all ages 137 27.4; 5.8 26.3; 6.0 < .05

Leukemia, 0–14 86 25.7; 5.1 24.6; 5.5 < .05
Leukemia, 15–24 37 28.4; 4.8 26.9; 5.4 < .05
Leukemia, 25–29 12 32.8; 2.6 32.0; 3.7 .88

Note: Age in years. FS ¼ fertile survivor (i.e., women achieving at least 1 pregnancy after cancer di
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in age groups 0–14, 15–24, and 25–29 years, respectively. In
leukemia, the overall mean difference was 1.1 years older,
and the differences were 1.1 (P< .05), 1.5 (P< .05), and 0.8
(P¼ .88) years across the same 3 age groups as for Hodgkin
lymphoma.
regnancy in women with cancer who achieved at least 1 subsequent

Family size (mean; SD)
Interval to last

pregnancy (mean; SD)

FS Controls P FS Controls P value

2.0; 0.8 2.3; 1.1 < .001 10.7; 6.4 10.9, 7.3 .57
1.8; 0.7 2.2, 1.0 < .001 9.1; 6.9 7.2; 4.4 .07
2.0; 0.8 2.2, 1.0 < .001 8.7; 4.9 8.1; 5.1 < .001

2.1; 0.8 2.4, 1.0 < .01 12.8; 6.6 13.0; 6.9 .86
1.7; 0.8 1.8; 0.7 < .05 6.2; 2.8 5.3; 3.3 < .001
1.5; 0.6 2.0; 0.6 < .001 6.1; 2.7 6.4; 3.1 .97
1.8; 0.9 1.8; 0.7 .93 6.0; 2.4 4.8; 2.9 < .001
1.6; 0.7 1.5; 0.6 .37 5.0; 2.2 3.4; 2.3 < .001
2.0; 0.8 2.0; 0.8 .60 6.8; 3.4 6.0; 3.6 < .001
2.0; 0.9 2.3; 1.3 < .001 9.3; 5.6 8.8; 5.8 .18
2.2; 1.1 2.5; 1.2 < .01 16.4; 8.2 15.1; 8.2 < .05
2.0; 0.9 2.2; 1.0 < .01 8.7; 4.8 8.4; 5.1 .39
2.0; 0.8 2.4, 1.1 < .001 11.1; 5.1 10.1: 5.8 < .001
2.3; 1.2 2.7; 1.6 < .05 17.2; 5.4 16.9: 5.9 .69
1.9; 0.8 2.4; 0.9 < .001 11.4; 4.3 10.4, 5.1 < .01
2.0; 0.7 2.1; 1.0 .06 7.8; 2.4 7.1; 4.0 < .05
2.0; 0.8 2.3; 1.1 < .001 11.8; 6.1 11.0, 7.1 .18
2.0; 0.8 2.6; 1.4 < .001 17.1; 7.7 16.4; 8.2 .15
2.0; 0.8 2.7, 1 4 < .001 20.8; 6.4 21.1; 6.5 .46
2.0; 0.8 2.6; 1.4 < .001 11.8; 5.0 11.5; 5.3 .67
1.5; 0.6 2.1; 0.7 .13 5.8; 1.5 6.9; 3.3 .21

agnosis).
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FIGURE 2

Time distribution of live births in fertile survivors (women with cancer who achieved at least 1 pregnancy thereafter, green) and matched controls
(orange). The graphs show the proportion of births achieved in each group by interval since diagnosis (years). The panels show data for all cancer
diagnoses and the specific diagnoses of breast cancer, Hodgkin lymphoma, leukemia, and cervical and skin cancers, as indicated. The area under
each curve has been normalized to 1.
Anderson. Fertility in women after cancer. Fertil Steril 2021.
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Impact of Cancer on the Number of Births Achieved

Family size (total number of live births achieved) was consis-
tently different from controls, being lower overall (2.0 � 0.8
live births vs. 2.3 � 1.1 in controls, P< .001) and across
several diagnoses (Table 1). Larger differences were noted in
women with colorectal and connective/soft tissue cancer,
Hodgkin lymphoma, non-Hodgkin lymphoma, and particu-
larly leukemia, where the mean family size was 2.0 � 0.8
vs. 2.6 � 1.4 (P< .001) in controls (Table 1). In women with
breast cancer, the greatest difference was in those diagnosed
in the youngest age group (25–29 years, 1.5 � 0.6 vs. 2.0 �
0.6, P< .0001), with smaller but still significant deficits in
women diagnosed at later ages. In women with leukemia,
the deficit was similar across age at diagnosis groups. Women
with cervical cancer were the only diagnostic group with a
similar family size to controls.
Impact on Interval to Last Pregnancy

To determine the index of reproductive lifespan, the time from
diagnosis to last pregnancy in the fertile survivors was
calculated (Table 1). Overall, this was very similar in cancer
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survivors to controls, at 10.7 � 6.4 vs. 10.9 � 7.3 years
(P¼ .57). In several diagnostic groups, time to last pregnancy
was actually significantly longer after cancer. Thus, in
women with breast cancer, it was 6.2� 2.8 vs. 5.3� 3.3 years
in controls (P< .001), and in Hodgkin lymphoma, it was 11.1
� 5.1 vs. 10.1 � 5.8 years (P< .001), whereas in leukemia,
which was the diagnostic group with the longest time to
last pregnancy, it was not significantly different (17.1 � 7.7
vs. 16.4 vs. 8.2 years, P¼ .15). In women with breast cancer,
similarly, an increased time to last pregnancy was noted in
the 2 older age at diagnosis groups (differences of 1.2 and
1.6 years, both P< .001), whereas the 25–29 years old group
showed a nonsignificant reduction in time to last pregnancy
(6.1 � 2.4 vs. 6.4 � 2.9 years, P¼ .97). Women with Hodgkin
lymphoma showed an increased time to last pregnancy in all 3
age at diagnosis groups (Table 1).

To explore this further, the distribution of live birth over
time after diagnosis was investigated. Consistently, and in
keeping with the aforementioned increase in the mean age
at live birth, there was a shift to the right showing a reduced
proportion of births during the initial years after diagnosis
and an increase in the age at which the peak proportion of
VOL. 117 NO. 2 / FEBRUARY 2022



TABLE 2

Age at live birth, family size, and interval to last pregnancy in female
fertile breast cancer survivors known to have received chemotherapy
and their matched controls.

Variable analysed

Known
chemotherapy

exposure Controls P value

N 90 263
Age at LB (mean; SD) 36.1; 4.8 34.7; 4.3 < .01
Family size (mean; SD) 1.6; 0.8 2.2; 1.8 < .01
Interval to last pregnancy

(mean; SD)
5.9; 2.6 5.3; 3.2 .03

Note: LB ¼ live birth; SD ¼ standard deviation.

Anderson. Fertility in women after cancer. Fertil Steril 2021.
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live births was achieved. This was generally followed by a
period when proportionally more live births were achieved
in the fertile cancer survivors than in controls. The extreme
tail of this distribution provided an index of the time to end
of fertility: overall, and in specific diagnoses, this difference
was very small (Fig. 2), and in no diagnosis was there evidence
of a clear reduction in fertile lifespan. This distribution is
illustrated for breast, skin, and cervical cancers, Hodgkin
lymphoma, and leukemia in Figure 2, as the more common di-
agnoses and representative of distributions of the range of age
at diagnosis and overall impact on reproductive impact after
diagnosis (Table 1).
Effect of Chemotherapy in Women with Breast
Cancer

Although treatment details are not available, we identified
fertile survivors with breast cancer who were known to
have received chemotherapy and their matched controls. As
chemotherapy for breast cancer is potentially gonadotoxic,
we hypothesized that this group would be likely to show an
impact of treatment on family size and time to last pregnancy.
This group showed an increased mean age at live birth and
reduced family size compared with controls (Table 2). As
seen in the whole breast cancer fertile survivor group, the in-
terval to last pregnancy was, however, significantly increased
compared with that in controls (5.9 � 2.6 vs. 5.3 � 3.2 years,
P¼ .03); thus, in this subgroup with known chemotherapy
exposure, there was no evidence of a reduced fertile lifespan.

DISCUSSION
Studies assessing fertility in women after cancer treatment
have shown clear evidence of loss of fertility in several
women, across a wide range of diagnoses and treatments,
and that is confirmed in this study (2, 33–36). With a longer
follow-up time than in our previous analysis (4) allowing
extended data collection for those more recently diagnosed,
we report the live birth rates across diagnostic groups, with
data confirming a reduced chance of live birth after a wide
range of cancer diagnoses. The size- and population-based
approaches used provide an accurate evaluation of that
reduction for specific diagnoses. In addition to cancer diagno-
ses where there is broad consistency of evidence of an impact
VOL. 117 NO. 2 / FEBRUARY 2022
on subsequent fertility (reviewed by van Dijk et al [37]), these
data confirm that women with other diagnoses, specifically
Hodgkin lymphoma and non-Hodgkin lymphoma; skin, colo-
rectal, and thyroid cancers; and leukemia, do have a reduced
likelihood of having a child after their cancer diagnosis.

Few studies have investigated remaining fertility in those
women who were able to achieve a pregnancy after cancer
treatment and whether the duration of fertility was affected
(38). The present data show that women who were able to
achieve pregnancy after cancer were slightly older at child-
birth, by a mean of 1.5 years, and achieved fewer live births
than matched controls. This pattern was found consistently
across a range of different diagnoses, although fertile survi-
vors of cervical, brain/CNS, and ovarian cancers had a similar
mean age at childbirth and, for cervical cancer, similar family
size. In women diagnosed in adulthood, this may in part
reflect that pregnancy is not advised during and for a period
after treatment, but it is significant to note that this delay was
also noted in women diagnosed during childhood and early
adulthood, where there is a long interval between diagnosis/
treatment and the wish to conceive. This finding, therefore,
illustrates the complexities of cancer survivorship, both
medical and psychosocial, rather than a purely biologic
impact on reproductive function.

The effect of age at diagnosis was analyzed for breast
cancer, Hodgkin lymphoma, and leukemia because these are
common cancers, with peak incidence in women in their later
reproductive years, adolescence, and childhood, respectively.
Women with breast cancer showed the greatest loss of family
size when diagnosed at a younger age. Overall, only 8.6% of
breast cancer survivors achieved a live birth after diagnosis,
similar to the findings in a recent meta-analysis (39). For these
younger women with breast cancer, these data illustrate the
impact of the conflicts involved, including between family
desires, ongoing endocrine treatment, and concerns over
relapse. For both Hodgkin lymphoma and leukemia, there
were reductions in family size for the 2 younger age groups
(0–14 and 15–24 years at diagnosis), with no significant
reduction in the 25–29 years age group. The older group
was very small for leukemia; thus, this is likely to be a limita-
tion of the power of the analysis, but this was not the case for
this subgroup with Hodgkin lymphoma, which was substan-
tially larger than the youngest age group. We are not aware
of previous studies documenting in detail achieved family
size across diagnoses.

A key novel finding of this study is that in women who are
able to conceive after cancer, the time interval to last preg-
nancy is not reduced and, indeed, may be increased in some
women. We hypothesized that if cancer treatments had
adversely affected women’s ovarian reserve, then we would
expect to see a reduction in the interval to their last
pregnancy. This was assessed in 2 ways, by the analysis of
the interval between diagnosis and final pregnancy and anal-
ysis of the time distribution of all live births after diagnosis,
focusing on later births achieved. These analyses, however,
showed no reduction in the time to last pregnancy after cancer
overall or in any specific diagnostic group. In fact, there was a
longer interval to last pregnancy in women after cancer in
several specific diagnostic groups, including breast, cervical,
391
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skin, and brain/CNS cancers and Hodgkin lymphoma, and in
women after breast cancer, the interval to last pregnancy
was most increased in the older age group. This increase was
also specifically confirmed in women with breast cancer
known to have received chemotherapy. There is considerable
evidence that cancer treatment adversely affects the ovarian
reserve, as revealed by the measurement of AMH. This is noted
across diagnoses and ages at treatment (29–31, 40, 41), and
specifically, chemotherapy for breast cancer includes
alkylating agents and taxanes which are well recognized to
have significant gonadotoxicity (42–44). However, in women
with remaining ovarian function after treatment, there is
evidence for a plateau in the AMH levels, without a more
rapid decline (31, 45). This is consistent with such women
retaining their fertility for longer than would be expected for
the degree of initial reduction in the AMH levels, with
possible underlying compensatory changes in the rates of
follicle activation. There are few data on the age of
menopause in cancer patients, but an increased risk of POI
has been reported in childhood cancer survivors and in adult
survivors of Hodgkin lymphoma associated with
radiotherapy to the ovaries and higher doses of alkylating
agents (6, 11, 12). Intriguingly, low gonadotoxicity treatment
for Hodgkin lymphoma has been suggested to result in an
increase in nongrowing follicle density (46). These data
suggest that those women who are able to conceive after
breast and other cancers are able to start and increase their
family size for a similar or even slightly longer time than the
general population, albeit with a reduction in their attained
family size. The potential contribution of assisted
reproduction, including the use of oocyte donation, cannot
be assessed from the data available to be analyzed here.
While interpretation of our findings needs to acknowledge
the complexity of both the biologic capacity for conception
and the psychosocial issues surrounding that after cancer
and its treatment, it provides significant information for
women seeking to build their desired family size after cancer
diagnosis.

The present data also do not directly address whether
women experienced infertility or not. The reduced family
size may in part reflect the decline in fertility with age as
the mean age at childbirth was older. While some women
may run out of time to complete their families, this appears
unlikely to be a major contribution to reduced family size in
those diagnosed at a young age, for example, with leukemia
and Hodgkin lymphoma. The wide range of reasons that
may influence women’s choice to have a pregnancy or
achieve a certain family size after cancer may be more impor-
tant than biologic reproductive function for several survivors
(24, 47). A recent survey indicated that 21% of young women
cancer survivors (mean age, 31.8 years) were voluntarily
childless (25), and this was independent of diagnosis and
medical comorbidities. Others, however, have found a similar
desire to have children among cancer survivors compared
with their siblings (23). Women are less likely to be part-
nered/married after some cancer diagnoses (18, 19), although
divorce rates are similar to population norms (19, 48).

A key strength of this analysis is the use of national
databases to ensure complete ascertainment of a large
392
population of nulliparous at diagnosis cancer survivors and
the outcomes of all subsequent pregnancies in the period of
analysis, with carefully matched controls from the general
population. This avoids selection bias and gives precision to
the analysis. However, this approach also has limitations,
notably the absence of data relating to treatment adminis-
tered and the impact of choice on achieving pregnancy and
live birth. In some diagnoses, the range of treatments may
vary from high to low gonadotoxicity, which cannot be
assessed here. For all but kidney cancers and leukemia, the
proportional hazards assumption for Table 1 does not hold;
thus, the HRs for most cancer types are likely to be large in
early years of follow-up and then decline. There is also a
necessarily limited follow-up period for women diagnosed
inmore recent years. These findings provide a basis for further
studies into these aspects of postcancer fertility.

In conclusion, these data provide unbiased and compre-
hensive evidence on the impact of cancer and its treatment
on the chance of childbirth after diagnosis in women who
had not been previously pregnant. We provide novel evidence
that in those women who do achieve a pregnancy after diag-
nosis, family size is reduced, and this is remarkably consistent
across several diagnoses. There is a delay in childbirth after
cancer, present even in those diagnosed as children. However,
this analysis did not find that women who are able to achieve
a pregnancy after cancer have a shortened time to their last
pregnancy compared with age-matched controls. Interest-
ingly, in women diagnosed with breast cancer at later ages
and in those known to have received chemotherapy, the
interval to their last pregnancy was increased compared
with that in matched controls. This information will be of
value in counseling girls and women, both at the time of can-
cer diagnosis and after treatment.
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Tama~no de la familia y duraci�on de la fertilidad en mujeres sobrevivientes de c�ancer: un an�alisis poblacional.

Objetivo: Evaluar el tama~no de la familia y el tiempo para lograr embarazo en mujeres que permanecieron f�ertiles despu�es del c�ancer.

Dise~no: An�alisis poblacional.

�Ambito: Bases de datos nacionales.

Paciente(s): Todas las mujeres diagnosticadas con c�ancer antes de los 40 a~nos en Escocia, 1981–2012 (n ¼ 10,267) sin embarazo pre-
vio; cada uno fue emparejada con 3 controles de poblaci�on.

Intervenci�on(es): Ninguna.

Medida(s) de resultado principal: El n�umero y el momento de embarazo y nacido vivo despu�es del diagn�ostico de c�ancer, hasta 2018.

Resultado(s): en 10 267 sobrevivientes de c�ancer, la raz�on de riesgo para un nacimiento vivo posterior fue 0,56 (intervalo de confianza
del 95 %, 0,53 –0,58) en general. En las mujeres que lograron un embarazo posterior, la edad en el momento del nacido vivo aument�o
(media DE, 31,2 � 5,5 frente a 29,7 � 6,1 en los controles) y el tama~no de la familia fue menor (2,0 � 0,8 frente a 2,3 � 1,1 nacidos
vivos). Estos hallazgos fueron consistentes a trav�es de varios diagn�osticos. El intervalo desde el diagn�ostico hasta el �ultimo embarazo
fue similar al de los controles (10,7 + 6,4 frente a 10,9 + 7,3 a~nos) o aument�o significativamente, por ejemplo, despu�es del c�ancer de
mama (6,2 + 2,8 frente a 5,3 + 3,3 a~nos) y el linfoma de Hodgkin (11,1+ 5,1 frente a 10,1+ 5,8 a~nos).

Conclusi�on(es): Estos datos muestran la probabilidad reducida de nacido vivo despu�es del c�ancer. Las mujeres que posteriormente con-
cibieron lograron un tama~no de familia m�as peque~no que los controles emparejados, pero el período de tiempo despu�es del diagn�ostico
de c�ancer en el que ocurrieron los embarazos fue similar o, de hecho, aument�o. Por lo tanto, no encontramos pruebas de que las mujeres
que pudieron lograr un embarazo despu�es del c�ancer tuvieran un período de tiempo m�as corto para tener embarazos.
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