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Objective

The incidence of women in the reproductive age group diagnosed with cancer has recently increased. However, very
few patients opt for or are offered fertility preservation (FP) strategies because of a significant lack in awareness. The
present study was conducted to evaluate the knowledge of the effect of cancer treatment on fertility and available
options for FP.

Methods

This was a cross-sectional study conducted at a tertiary care center from March 2019 through August 2019. One
hundred female patients with gynecological or nongynecological cancer and 18-40 years of age were interviewed.
The participants were categorized on the basis of the modified Kuppuswamy socioeconomic status (SES) scale and the
responses of the patients in the different categories were compared.

Results

More than half the patients (63%) were in the 20-35-year age group. Most of the patients (71%) were married, and
of them, 28 (39.4%) desired to have children. Only 32% of the patients were aware of the detrimental effect of cancer
and its treatment on future fertility, and of them, only 28% could specify the gonadotoxic effect of chemotherapy.
Knowledge was significantly higher in the upper and middle SES levels than it was in the lower SES level (P<0.001).
More than half of the patients (68%) were not aware of the existing FP options, whereas one-third of the patients
(32%) were given information about FP by their physicians.

Conclusion
The overall awareness of the gonadotoxic effect of cancer therapy and available FP options in the present study was
poor. Awareness of FP among both patients and clinicians needs to be increased.
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The global cancer burden is estimated to have increased to
18.1 million new cases and 9.6 million deaths in 2018 [1].
One in 5 men and 1 in 6 women worldwide develop cancer
during their lifetime and 1 in 8 men and 1 in 11 women
die from the disease [1]. With the advances in cancer treat-
ment, including surgery, chemotherapy, and radiotherapy,
the overall survival rate of patients with cancer has improved,
especially in the last 2-3 decades. Survival rates are the high-
est in patients with cancer in the 15-44-year age group,
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with a 5-year survival rate ranging between 60% and 82%
[2-5]. However, cancer treatment has many undesirable side
effects, including impaired fertility, which occurs in approxi-
mately 80% of survivors and becomes an important quality-
of-life issue in these patients [6,7]. Cancer itself affects
fertility when it involves reproductive organs that need to be
surgically removed, and when treatment involves gonado-
toxic chemotherapy or radiotherapy in the pelvic field or the
hypothalamus-pituitary area of the brain. Because of late
marriages and delayed childbearing, the proportion of young
patients with cancer who have yet to plan for their first preg-
nancy is increasing. Sometimes the only fertility option left
for these cancer survivors is the use of donated gametes.

Oncofertility, a term coined by Woodruff in 2006, combines
cancer treatment with fertility preservation (FP) for young
women with cancer who desire future fertility [8]. Various
FP methods have evolved over the last 2 decades. Among
them, embryo and oocyte cryopreservation are established
methods of fertility preservation with possibility of having
own genetic offspring in future. Translocation of the ovaries
to above the pelvic brim protects the ovaries from pelvic ra-
diotherapy. However, translocation is not always successful
because of radiation scatter and remigration of the ovaries
and is of no benefit when treatment involves chemotherapy
or whole-body irradiation. Ovarian tissue cryopreservation is
still in the experimental stage and suppression of the ovaries
with gonadotropin-releasing hormone agonist (GnRHa) has
limited benefit for FP [9-11].
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The American Society of Clinical Oncology (ASCO) and the
American Society of Reproductive Medicine (ASRM) recom-
mend that all possible FP options should be discussed with
women diagnosed with cancer before starting any gonado-
toxic therapy [12].

Despite the recommendations of international societies,
more than half of patients with cancer are not given all
the information they need about FP options and very few
patients actually undergo any FP procedure [13-16]. The pri-
mary reason behind these facts might be a lack of awareness
among patients and treating physicians regarding possible
FP strategies [17]. In addition, sociodemographic dispari-
ties have been shown to affect access to FP services [18,19].
These disparities may be due to disparities in education
status and the inability to afford FP. Other reasons why few
patients undergo an FP procedure include time constraints,
fear about the safety of the procedure, fear of the risk of
cancer recurrence from a future pregnancy, and fear of the
transmission of cancer to offspring.

The present observational study was conducted to evaluate
the knowledge and awareness of female patients with can-
cer attending the OBGYN outpatient clinic and the infertility
clinic at our institute regarding the effect of cancer treatment
on future fertility and available methods of FP. We also cat-
egorized the participants according to their socioeconomic
status (SES) using the recent classification system applicable
to the Indian population and assessed the difference in
knowledge among the SES groups.
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Fig. 1. Modified Kuppuswamy socioeconomic status scale.
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Materials and methods

This was a cross-sectional study conducted at a tertiary care
referral center from March 2019 through August 2019.
Ethical approval was obtained from the Ethics Committee
of the All India Institute of Medical Sciences (Ref. No. IEC-
9/04.01.2019, RP-50/2019) and informed consent was ob-
tained from all the participants. Inclusion criteria were age
from 18-40 years old, diagnosis of cancer, and attendance
at the infertility clinic. The women who visited the infertility
clinic were referred either by the OBGYN clinic (gynecological
cancer) or by other specialties for FP. A total of 100 women
participated in the study. Participation was completely vol-
untary, and a fertility counselor interviewed each participant.
The questionnaire (Appendix 1) elicited information about
the sociodemographic profile of the participants and con-
tained questions to determine knowledge regarding the
effect of cancer treatment on future fertility and the gonado-
toxic effect of chemotherapy and radiotherapy, awareness
of FP, whether information regarding the effect of cancer on
fertility and FP was provided by the primary physician, and
the reasons for not proceeding with FP. The study population
was stratified into 5 SES categories according to the modi-
fied Kuppuswamy scale (Fig. 1) [20]. Because the number
of patients in each group was small, the upper-middle and
lower-middle SES categories were combined into a single
middle SES category and the upper-lower and lower SES cat-
egories were combined into a single lower SES category. The
knowledge levels of the three SES groups (upper, middle,
and lower) were compared.

Statistical analysis

All statistical analyses were performed using IBM SPSS Sta-
tistics version 19 (IBM Corp., Armonk, NY, USA). Descrip-
tive statistics were used for quantitative variables and are
expressed as mean, standard deviation (SD) or frequency,
and percentage. The responses of participants was stratified
according to the SES scale. To compare the categorical data,
Pearson’s chi-square test or a Fisher exact test was performed
as appropriate. A post hoc pairwise comparison was also
performed using Bonferroni‘s correction. For all statistical
tests, P<0.05 was considered to be statistically significant.
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Results

A total of 100 women participated in the study. The sociode-
mographic characteristics of the study population are pre-
sented in Table 1. The mean (xSD) age of the study cohort
was 28.8+7.36 years. Forty-eight percent (48%) of the pa-
tients came from the OBGYN clinic and 52% were referred
by other departments in our hospital or by other hospitals.

Table 1. Baseline demographic profile of the study subjects

(n=100)
Characteristics Values
Age (yn)
<20 16 (16)
20-35 63 (63)
>35 21(21)
Type of family
Nuclear 56 (56)
Joint 44 (44)
Marital status
Married 71(71)
Single 29 (29)
Education
llliterate 19 (19)
Primary 10 (10)
Secondary 26 (26)
Graduate and above 45 (45)
Socioeconomic status
Lower 51(51)
Middle 44 (44)
Upper 5(5)
Fertility at the time of diagnosis
Living child 43 (43)
No living child 28 (28)
Unmarried 29(29)
Type of cancer
Ca ovary 30 (30)
Ca breast 25 (25)
Ca cervix 11011
Lymphoma 17 (17)
Ca endometrium 7(7)
Others 10 (10)

Values are presented as number (%).

www.ogscience.org
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Seventy-one percent (71%) of the participants were mar-
ried at the time of the cancer diagnosis and 29% were un-
married. When asked about the desire for bearing a child in
the future, 57 patients (28 of whom were married) indicated
they wanted children in the future, 6 patients had not yet
decided, and the remaining 37 patients had at least one liv-
ing child and were not interested in FP. Comparing the wish
for future fertility among the SES classes, significantly more
women in the upper SES class than in the lower SES class
wished to have future fertility. This may be due to the in-
creasing trend of delayed childbearing by the upper SES class
(60% vs. 11.8%) (P=0.017).

When asked about their knowledge of the effect of cancer
and its treatment on future fertility, only 32% of the women
were aware that cancer treatment might impair future fertil-
ity. When specifically asked about the gonadotoxic effect of
chemotherapy and radiotherapy, only 28% of the women
had an awareness of the effect. As shown in Fig. 2A, signifi-
cantly more women in the upper SES class were aware of the
harmful effect of cancer therapy on future fertility and of the
gonadotoxic effect of chemotherapy and radiotherapy. The
pairwise comparison with Bonferroni correction showed that
there was a significant difference in awareness of the harm-
ful effect of cancer therapy between the upper and lower
SES classes (P=0.003) and between the middle and lower SES
classes (P=0.001). Similarly, with respect to awareness of the
gonadotoxic effect, there was significant difference between
the upper and lower SES classes (P=0.017) and between the
middle and lower SES classes (P=0.001). However, there was
no significant difference (P>0.05) between the upper and
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middle groups for the two parameters. Less than one-third
(32%) of the women were aware of FP, and of them, 28%
were aware of oocyte and embryo cryopreservation. This
awareness was significantly higher in the upper and middle
SES classes (Fig. 2A). We found that none of the patients in
the lower education groups (illiterate and primary education)
had knowledge regarding the effect of cancer and gonado-
toxic effect of chemotherapy on fertility, whereas significantly
more women in the higher education group (graduate and
above) had more knowledge in this regard (Fig. 2B). Also,
awareness of FP was significantly greater in the higher edu-
cation group (Fig. 2B). More than half of the women (68%)
were not given any information by their primary physician re-
garding the effect of cancer treatment on future fertility and
about FP. Patients who desired future fertility cited lack of
information, financial constraints, lack of family support, and
fear of delay in cancer treatment as reasons for not pursuing
treatment. The most common reason among 28.6% of the
patients was lack of proper information from their physi-
cians. Only 11 patients underwent the FP procedure and
5 patients had to undergo surgical removal of the uterus and
ovaries because of cancer. Follow-up found that 2 patients
who underwent FP died.

Discussion

The present cross-sectional study evaluated the knowledge
and awareness of female patients with cancer regarding
the gonadotoxic effect of cancer therapy and FP options.
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Fig. 2. Oncofertility awareness according to (A) SES and (B) education of the patient. SES, socioeconomic status.
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The study was conducted at the infertility clinic of a tertiary
care referral government institute so most of the women
belonged the to lower and middle SES levels. The study
concluded that overall knowledge and awareness about the
harmful effect of cancer therapies and about FP before initi-
ating gonadotoxic treatment was poor. Women in the lower
SES class had significantly less knowledge than did women
in the upper SES class. Similarly, knowledge was significantly
low in the lower literacy groups.

About 10% of cancer patients are <45 years of age at the
time of diagnosis [21]. Advances in cancer therapy have led
to a remarkable improvement in the survival rates of patients
with cancer. The overall cancer death rates have fallen by
more than 1.6% per year between 2004 and 2008 [22]. Be-
cause of the trend of delayed childbearing, more women are
diagnosed with cancer before they have planned their first
pregnancy. This has led to the need for FP for which various
options are available in accordance with the age of the pa-
tient, the type of cancer and prognosis, the type and dose of
chemotherapy, marital status, and existing ovarian reserve.

Both radiotherapy and chemotherapy can impair fertility.
Chemotherapy affects fertility via gonadotoxicity, and ra-
diotherapy, if it involves the pelvis, affects the reproductive
organs (ovary and uterus) [23]. Studies have shown that the
rate of fertility and pregnancy of patients after cancer treat-
ment is 38% lower than that of women in the general popu-
lation [24].

Considering the improved survival rates among young
patients with cancer and impaired fertility after cancer treat-
ment, it is important to counsel these patients about the
harmful effects of cancer treatment on future fertility and
the available FP options. Lack of knowledge about FP among
physicians and patients can lead to financial, legal, and psy-
chological consequences.

The most common nongynecological cancers in our patient
cohort were breast cancer and lymphomas. One of the main
treatment modalities for these cancers is chemotherapy with
alkylating agents, which are highly gonadotoxic because they
are not cell cycle specific and affect other cells in the ovaries.
If these cancers are detected at an early stage, patients have
good overall survival, and with FP, they have a better chance
of achieving pregnancy in the future. In our study, the aware-
ness of FP did not differ much among patients with different
types of cancer because overall knowledge was poor, but
patients with breast cancer or lymphoma who have a good
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prognosis will benefit greatly from FP.

Our study found that approximately two-thirds of the pa-
tients were not aware of the effect of cancer treatment on
fertility and of the gonadotoxic effect of chemotherapy and
radiotherapy. A study conducted in Pakistan demonstrated
a lack of awareness in more than 90% of young female pa-
tients with cancer about cancer treatment causing infertility
[25]. Other studies have also demonstrated poor knowledge
of the effect of cancer treatment on fertility [26,27].

Because knowledge about oncofertility among patients
and physicians is poor, patients do not get the right informa-
tion about the methods available to preserve their fertility
and about the possibility of having their own genetic children
in the future once cancer treatment is completed. In a study
by Chin et al. [28], only 60% of women with cancer received
fertility counseling before starting cancer therapy and only
13% of those women were referred to a fertility specialist.
Our study showed comparable results whereby 68% of the
study population was not counseled by their primary physi-
cian about the gonadotoxic effect of cancer therapy on fu-
ture fertility.

This lack of knowledge about the harmful effect of cancer
therapy may be due to low SES and low education level.
The Chin et al. [28] study showed that women who had less
education, were unmarried, or already had a child were less
likely to receive fertility counseling because fertility is not
considered a primary concern for these women. Our study
also showed that women of low SES and those with a low
education level had significantly less knowledge about the
harmful effect of cancer therapy compared to that of their
respective counterparts.

ASCO and ASRM guidelines recommend that patients with
cancer should be given sufficient information about cancer
treatment-related infertility and available fertility options [29].
However, studies have shown that physicians and patients
have insufficient knowledge about FP [30,31]. Chehin et al.
[32] assessed patients with cancer for their knowledge and
awareness about FP and found that only 34% of the women
were aware that cancer therapy could lead to infertility and
only 22% were aware of FP options. Higher education was
associated with more knowledge about the effect of cancer
therapy on fertility and available FP options. Chehin et al.
[32] concluded that patients with cancer had poor overall
knowledge about FP. We found similar results in our study
with only one-third of the women aware of the gonadotoxic
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effect of cancer treatment and less than one-third (28%)
having knowledge about FP. In addition, those with a higher
education had better knowledge.

More than 90% of the patients in a study by Osmani et
al. [25] wanted to discuss fertility issues with their primary
oncologist before initiation of treatment, but other studies
have found that less than half of the participants were of-
fered a detailed consultation [21,17]. In our study, only 32%
of the patients were informed about FP by their primary
physician. Similarly, Ameri et al. [33] found that only 22.7%
of their study patients received information regarding cancer
treatment and infertility. However, they also found that sig-
nificantly more patients with gynecological cancer received
information compared to those with nongynecological
cancer [33]. In contrast, studies conducted in the US and
Switzerland found that more than 70% of the participants
were informed by their healthcare professionals about fertil-
ity impairment after cancer treatment [31,34]. This regional
difference in physician counseling may be due to a greater
adherence to guidelines in countries like US and Switzerland
in comparison to India, Brazil and Iran [32,33]. Reports have
shown that only British and American physicians discuss fer-
tility issues with their patients [30,35].

Some studies have shown that disparities in providing in-
formation depended on the gender of the patient [34,36].
In a study by Armuand et al. [36], only 48% of the women
compared to 80% of the men received information about
the risk of infertility with cancer treatment. The reasons be-
hind this difference might be that cryopreservation of sperm
is a relatively simple procedure and less costly compared to
female FP methods, and for men there is no delay in start-
ing cancer treatment. Female FP methods have many barri-
ers including the time needed for hormonal medication to
stimulate the ovaries, delayed cancer treatment, financial
constraints, and the fear of risks associated with ovarian
stimulation. To overcome these barriers, the oncologist and
the reproductive endocrinologist could collaborate to prevent
delay in referral, financial support arranged from govern-
ment and nongovernment organization to cover expenses
for FP, and ovarian stimulation protocols could be modified
for minimal risk and overall less time required to complete
the procedure.

Kim et al. [37] conducted a prospective study to evaluate
the efficacy of the FP consultation process and predictors of
decisional conflict among patients in need of FP. More than
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half (52%) of the participants requested their consultation,
all participants answered that consultation was a helpful
resource for information, and 73% of the participants made
their decision about treatment after consultation. The consul-
tation helped the patients formulate questions related to FP.
Although consultation appeared to play a critical role in the
decision-making of the patients about FP, the referral rate for
consultation by oncologists was still poor [37].

Various reasons for not opting for FP may be the cost, a
lack of proper information among both patients and treating
physicians, fear of delaying cancer treatment and fear of risk
of transmission of cancer to future offspring among patients
with cancer.

To increase the knowledge of oncologists about FP, a Can-
cer and Fertility Platform was established in 2012 to provide
a website with up-to-date information, communication
tools, and ready-to-use script for fertility counseling [26].
After 3 years of use of the Cancer and Fertility Platform, the
knowledge and practices of physicians were evaluated. The
survey showed that referrals for FP by the cancer physicians
was significantly higher after using the Cancer and Fertility
Platform [38]. According to a recent systematic review of
factors to improve oncofertility care, referrals for FP are very
low worldwide, even after the publication of international
guidelines on FP. International oncofertility models of care
(MOC) are needed to train cancer and noncancer healthcare
professionals to improve their knowledge about FP so they
can convey that knowledge to patients requiring a referral
[39]. A multidisciplinary team that includes an oncologist,
a fertility specialist, a nurse counsellor, and a mental health
professional is needed to provide high-quality cancer care to
these patients.

One limitation of our study was its small sample size as a
result of few patients being referred to us for FP. We assessed
the knowledge of only female patients with cancer and not
that of physicians. Another limitation was that the partici-
pants were patients with cancer who were consulting at a
tertiary referral center. Knowledge and awareness of FP are
expected to be poor among the general population. To our
knowledge, this was the first study of Indian female patients
with cancer.

Our study showed that the overall knowledge of young
female patients with cancer regarding fertility impairment
following cancer treatment and available FP options is poor.
Because life expectancy after cancer treatment is increasing,
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the option of FP should be a topic of interest among all on-
cologists. It is important to provide standardized up-to-date
information and systematically offer oncofertility counsel-
ing to patients of reproductive age who are scheduled for
cancer treatment. This can be accomplished by adopting a
structured program that includes having a detailed face-to-
face discussion with patients, providing them with written
information about the various aspects of oncofertility, and
organizing education programs for patients and concerned
physicians.
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Appendix 1. Questionnaire

Name Age UHID No.
Phone number: Family size

Referred from

Marital status at the time of diagnosis: married/unmarried

Type of cancer:

Fertility status at the time of diagnosis (No. of abortions/living children):
Education: Income:

Profession: Socioeconomic status:

Q1. What was your age at the time of your cancer diagnosis?

Q2. Do you intend to have more children? Yes/no/not yet decided

Q3. Do you have any idea that cancer will affect your future fertility? Yes/no

Q4. Of these, what type of treatment have you received/are planning to receive for cancer?
a. Surgery b. Chemotherapy c. Radiotherapy d. Combination

Q5. Are you aware of the gonadotoxic effect of chemotherapy/radiotherapy on future fertility and ovarian function? Yes/no/
don’t know

Q6. Were you given proper FP options information before going for gonadotoxic treatment? Yes/no/don’t know

Q7. What is/was the reason for not opting for FP before treatment?

Did not have information Financial reason Lack of family support Was not informed by physician
Did not want to delay my Risk of transmission of Already had desired children Any other
cancer treatment cancer to the future child at that time

Q8. Are you aware of available FP options for you? Yes/no

Oocyte cryopreservation Embryo cryopreservation Ovarian cortex preservation

Shield from radiation field GnRHa suppression Ovarian transposition
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