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Abstract: Objective: To evaluate the lowest effective dose of combined estrogen and progestogen (E2+P) add-back
therapy during post-operative gonadotropin-releasing hormone agonist (GnRHa) treatment for endometriosis in Chi-
nese women. Study design: The study enrolled 81 patients aged 18 to 50 years with stage Il or IV endometriosis, as
diagnosed by surgery. All patients were given GnRHa 3-6 mg by subcutaneous injection once every 28 days for a total
of three times. Patients were divided into three groups: the first (n = 35; GnRHa only group) received GnRHa only
without add-back therapy, the second (n = 35; 05 mg E>+P add-back group) received GnRHa plus 05 mg estradiol
valerate and 5 mg dydrogesterone orally every day, and the third (n = 11; 1 mg E>+P add-back group) received
GnRHa plus 1 mg estradiol valerate and 10 mg dydrogesterone orally every day for the duration of treatment. All pa-
tients were required to follow up at our hospital at 4, 8 and 12 weeks after treatment initiation to assess efficacy and
levels of serum reproductive hormones. Results: Compared with baseline levels, serum levels of the four reproductive
hormones assessed (E2, LH, P4 and FSH) were significantly decreased in both the GnRHa only and the 05 mg E>+P
add-back groups at 4, 8, and 12 weeks after treatment; and levels reached a stable state at 4 weeks of treatment. In
the 1 mg E2+P add-back group, LH and FSH serum levels were significantly decreased, while those of Exand P were
not significantly different at any of the time points assessed. In the 05 mg E>+P add-back group, Exserum levels de-
creased drastically at first, then gradually over the course of the study. In contrast, pre- and post-treatment E2 serum
levels in the 1 mg E>+P add-back group were not significantly different, and these levels were over 45 pg/mL for the
entire study duration. Comparison among groups showed that E> levels in both add-back groups were significantly
higher than in the GnRHa only group at 12 weeks after treatment. Furthermore, E2serum levels in the two add-back
groups at 8 and 12 weeks after treatment were significantly different. Conclusion: Oral continuous combined 0-5 mg/
d estradiol valerate and 5 mg/d dydrogesterone as immediate add-back therapy during post-operative GnRH agonist
treatment for severe endometriosis may be the most suitable regimen for Chinese women.

Keywords: Endometriosis, GnRH agonist, ultra-low dose estrogen, immediate add-back therapy

Introduction

Endometriosis is a common gynecological dis-
ease, with a prevalence of approximately 6% to
10% during childbearing years [1, 2]. Surgical
therapy, typically laparoscopic, is commonly
used to diagnose or treat endometriosis. In ad-
dition, gonadotropin-releasing hormone ago-
nists (GnRHa) can be effective in preventing
recurrence and controlling pain [3-7]. However,
long-term GnRHa treatment (usually 3 to 6
months) can induce a hypoestrogenic state,

thereby causing such side effects as vasomotor
defects, vaginal dryness, and loss of bone min-
eral density (BMD) [7]. To prevent or minimize
these deleterious side effects, GnRHa treatment
can be combined with low doses of estrogen
and progestogen in a process known as “add-
back therapy” [7-10].

The typical add-back therapy regimen for Cauca-
sian is 1 mg/d estradiol valerate or 065 mg/d
conjugated equine estrogen combined with sev-
eral kinds of progesterones. Because of ethnic
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differences, clinical data are still lacking to de-
termine whether Chinese women should receive
a lower dose of estrogen add-back therapy in
order to reduce endometriosis recurrence. As
such, we wanted to determine the lowest possi-
ble dose of continuous combined estrogen and
progestogen add-back therapy for Chinese
women with endometriosis being treated with
GnRHa. The overall goal was to control serum
estradiol (E2) levels in patients to achieve thera-
peutic efficacy while minimizing adverse effects
as much as possible, in order to improve com-
pliance and prolong the potential duration of
therapy.

We therefore designed a clinical trial to assess
the therapeutic effects, including the effect on
serum E2 and FSH levels, of 05 mg/d or 1 mg/d
estradiol valerate combined with progestogen
as add-back therapy during post-operative
GnRHa treatment for patients with endometrio-
sis.

Materials and methods
Patients

Eighty-one women with endometriosis, aged 18
to 50 years, being treated at the Obstetrics and
Gynecology Hospital of Fudan University from
June 2007 to October 2008 were enrolled in
the study. A diagnosis of stage lll or IV endome-
triosis according to the revised American Fertil-
ity Society (rAFS) classification was confirmed
by laparoscopy or laparotomy for all patients.
None of the patients had received additional
hormone treatment for at least 3 months prior
to enrollment. In addition, none of the patients
had hepatic, renal or immune system disorders.

The design and protocol of this clinical trial were
approved by the hospital ethics committee, and
all patients provided written informed consent
before the study.

Study design

All subjects were randomly divided into three
treatment groups using a random digits table:
GnRHa only, 0-5 mg E>+P add-back, and 1 mg
E>+P add-back. GnRHa (Zoladex 36 mg, Astra-
Zeneca, UK) was administered subcutaneously
to all patients once every 28 days for a total of
three times, beginning at 3 to 5 days after the
operation or 1 to 2 days into the menstrual cy-
cle. Thirty-five patients were assigned to the
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GnRHa only group and did not receive add-back
therapy. Another 35 patients were assigned to
the 05 mg E>+P add-back group and received
05 mg estradiol valerate (Progynova, Bayer
Healthcare Co. Ltd. Guangzhou Branch) and 5
mg dydrogesterone (Solvay Pharmaceuticals
B.V. , now belongs to Abbott, USA) via oral ad-
ministration every day in addition to GnRHa
treatment. The remaining 11 patients were as-
signed to the 1 mg E2+P add-back group, and
were treated with a combination of GnRHa as
well as 1 mg estradiol valerate and 10 mg dy-
drogesterone daily. Based on the ethics commit-
tee’s approval, participation was terminated
when serum E> levels were found to exceed 45

pg/mL.

Patients were required to make follow-up visits
just after surgery; at 4, 8 and 12 weeks after
initiating treatment; and after the onset of men-
ses. A flow chart of the trial is provided in Table
1, which indicates all of the parameters that
were measured at each visit.

Assessment of reproductive hormone levels

Fasting cubital venous blood (2 mL) was col-
lected from all patients before surgery and at 4,
8, and 12 weeks after treatment. Serum sam-
ples were separated within 2 hours to assay
hormone levels. The serum levels of four repro-
ductive hormones: E», Progesterone (Pa), follicu-
lar stimulating hormone (FSH), and luteinizing
hormone (LH), were measured using an Access
immune luminescence analyzer (Beckman
DXI800, USA). The system was operated in ac-
cordance with the manufacturer’s instructions,
and the intra- and inter-assay error rates were
both less than 10%.

Statistical analysis

All data are presented as mean + standard de-
viation (SD). Data were compared using two-way
ANOVA, followed by Bonferroni’s correction
where appropriate. SAS 9.2 software was used
for statistical analyses, with a p value of 0.05.

Results

Patient demographics

Thirty-five patients were assigned to the GnRHa
only group, 35 to the 05 mg E>+P add-back

group, and 11 to the 1 mg E>+P add-back
group. Overall baseline demographics were
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Table 1. Trial flow chart

Screening Baseline Treatment
Visit number 1 2 3 4 5
Week —-2to-1 0 4 8 12
Allowed time deviation (days) - - +5 +7 +10
Informed consent x
Inclusion/exclusion criteria X X
Randomization x
Demographics X
Medical history x
Gynecological history x
History of ERT/HRT x
Vital signs X x x x x
Height X
Physical examination x x
Gynecological examination x x
Cervical smear x
Transvaginal/transanal ultrasound X X
Serum E>/P/FSH/LH levels x X X x
Issue/review/collect diary cards X X X x X
Concomitant iliness x
Concomitant medication x x x x x
Adverse events x x x x x

X X X

Drug dispensation
End of trial

Table 2. Baseline demographics of trial population. Values represent mean + SD or n

GnRHaonly 1 mg E>+P add-back 05 mg E2>+P add-back
n 35 35
Age (years) 307 £ 67 322 +69 322+ 70
Body mass index (kg/m2) 217 + 24 201+ 18 203+ 33
rAFS 359+ 172 288 + 82 423 + 239

comparable among all three groups, with no
significant differences observed in age, height,
body mass index or rAFS score (Table 2).

Three patients each from the GnRHa only and
05 mg E>+P add-back groups failed to complete
the follow-up schedule. Among them, one pa-
tient in the GnRHa only group withdrew due to
thyroid disease, one in the 0-5 mg E>+P add-
back group because they required orally-
administered doses, and another four patients
did not return for treatment after the first injec-
tion. No patients dropped out or withdrew due
to adverse reactions. Overall, 32 patients in
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both the GnRHa only group and the 0-5 mg E>+P
add-back group, and 11 patients in the 1 mg
E>+P add-back group completed the trial. One
patient in the GnRHa only group became preg-
nant after therapy without first menstruating.

Serum reproductive hormone levels

Serum levels of the four reproductive hormones
measured were comparable among all groups
at baseline, and decreased significantly in both
the GnRHa only and 05 mg E>+P add-back
groups at 4, 8 and 12 weeks after treatment
compared to baseline. After 4 weeks of treat-
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ment, hormones levels in all three groups were
mostly stable. In the 1 mg E>+P add-back group,
serum levels of both LH and FSH were signifi-
cantly decreased at 4, 8 and 12 weeks after
treatment compared to baseline, while levels of
E>and P were not significantly different (Figure
1).

In the GnRHa only group, E2serum levels de-
creased significantly, from 64-39 + 52.52 pg/mL
at baseline to 22:06 + 32:53 pg/mL at 4 weeks,
1850 + 24-00 pg/mL at 8 weeks, and 14-68 +
14-19 pg/mL at 12 weeks after treatment. Se-
rum levels of FSH were 11.80 + 853 mIU/mL at
baseline and were significantly lower at all
measured time points after treatment.

In the 05 mg E>+P add-back group, E> serum
levels were 82.84 + 8222 pg/mL at baseline
and decreased drastically to 31-32 + 21.33 pg/
mL at 4 weeks after treatment. Levels contin-
ued to decrease very gradually to 29-10 + 17-28
pg/mL at 8 weeks and 2561 + 1936 pg/mL at
12 weeks after treatment. Baseline FSH serum
levels were 1554 + 1570 mIU/mL, and were
lower than 3 miU/mL at all measured time
points after treatment.

In contrast, no significant differences were ob-
served between pre- and post-treatment serum
levels of E2 and P4 in the 1 mg E>+P add-back
group. E> serum levels were over 45 pg/mL at
all measured time points: 5840 + 34-86, 4614
+ 2350, 5210 + 3791 and 47-70 £ 2024 pg/
mL at baseline and at 4, 8 and 12 weeks after
treatment, respectively.

Comparison among groups showed that serum
levels of E2 in both add-back groups were sig-
nificantly higher than in the GnRHa only group
at 12 weeks after treatment. Furthermore, there
was a significant difference in E2serum levels at
8 and 12 weeks after treatment between the
two add-back groups, with the 1 mg E>+P add-
back group showing a more pronounced in-
crease. Serum levels of LH and P4, however,
were not significantly different between the
three treatment groups at any of the measured
time points, except for LH levels at 8 weeks af-
ter treatment between the two add-back groups
(Figure 2).

Discussion

GnRHa therapy is commonly used in the post-
operative treatment of endometriosis, and can
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Figure 1. Serum reproductive hormones levels com-
pared among three groups. Values represent
mean+SD; %, p<0.05 vs GnRHa only; §, p<0.05 vs
1mg E2+P add-back.
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Figure 2. Changes in the levels of the indicated serum

reproductive hormones after GnRHa therapy. Values
represent mean+SD; *, p<0.01 vs baseline.
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both ameliorate disease-related symptoms and
inhibit relapse [3-7]. Owing to the hypoestro-
genic state caused by long-term use of GnRHa,
add-back therapy is often required in order to
minimize adverse effects. Typical add-back regi-
mens include the following: low-dose estrogen
and progestin combination, estrogen alone,
Tibolone, selective estrogen receptor modula-
tors (Raloxifene), as well as others [11]. Impor-
tantly, estrogen and progesterone combination
add-back therapy can protect bones and pre-
vent climacteric symptoms such as hot flashes
and genitourinary tract atrophy [7-10].

It is generally recommended to limit GnRHa
therapy to 6 months of at a time, because al-
though the initial dose of GnRHa can cause a
transient increase in FSH and LH secretions
(the so-called “flare-up effect”), FSH and LH
levels decline sharply shortly thereafter. Ovarian
hormones levels also decrease, to levels ap-
proximating those of menopause. Indeed, estro-
gen levels in premenopausal women undergo-
ing GnRHa treatment are similar to levels seen
in postmenopausal women. Studies have con-
firmed that add-back therapy with estrogen
alone (such as 05 mg/d or 1 mg/d estradiol
valerate, 0-3 mg/d or 045 mg/d Premarin, or
0-3 mg/d esterified estrogen), or with estrogen
combined with progestogen can effectively alle-
viate menopausal symptoms, enhance patient
compliance, and prolong GnRHa use [3, 7, 12-
16]. On the other hand, add-back therapy with a
relatively high dose of estrogen (1:25 mg/d Pre-
marin) combined with progestogen can acceler-
ate dysmenorrheal recovery after drug with-
drawal [8].

In our trial, continuous oral add-back therapy
with 05 or 1 mg/d estradiol valerate combined
with 5 mg/d dydrogesterone was initiated con-
currently with GnRHa treatment in post-
operative Chinese patients with endometriosis.
Throughout the 12 weeks of treatment, E2 se-
rum levels in the 1 mg/d E>+P group were con-
tinuously greater than 45 pg/mL, beyond the
threshold range of 30-45 pg/mL (110-165
pmol/L) proposed by Barbieri [17]. E> serum
levels in the 05 mg/d E>+P group, however,
ranged from 25 to 32 pg/mL between 4 and 12
weeks after initiating treatment. According to
Barbieri’s estrogen threshold hypothesis [17],
E> levels ranging between 30 and 45 pg/mL
represent the ideal concentrations to promote
the atrophy of endometriotic lesions while also
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alleviating the side effects due to GnRHa-
induced hypoestrogenism, namely the loss of
BMD and the occurrence of vasomotor defects.
In the GnRHa only group, levels of serum E2 at 4
to 12 weeks after treatment ranged from 10 to
20 pg/mL; these levels would thus be associ-
ated with deleterious hypoestrogenic adverse
effects. In the 05 mg/d E>+P add-back group,
however, even though the observed E2> serum
levels were slightly lower than the prescribed
therapeutic window, they were nevertheless too
low to stimulate growth of endometriosis le-
sions, but sufficient to help relieve pain, de-
crease the loss of BMD, alleviate menopause-
associated symptoms and improve overall qual-
ity of life, data showed in the literature [18].
Furthermore, Hornstein et al. also reported that
endometriotic lesions were effectively inhibited
and that pain was alleviated when Ez levels
were maintained under 30 pg/mL [19].

The observed effectiveness of our minimal E:
dose add-back regimen is probably due at least
in part to the fact that add-back therapy was
initiated concurrently with GnRHa treatment. If
add-back therapy had been delayed until 3
months after GnRHa treatment, a different es-
trogen dose may have been found to be most
effective. In addition, ethnic differences may be
another reason as to why the lower dose was
most effective.

Baseline serum levels of FSH and LH were not
significantly different among the three groups,
and all reached a steady state at 4 weeks. Al-
though FSH serum levels were slightly higher in
the GnRHa only group than in the two add-back
groups, FSH levels in all three groups were still
equivalent to levels typical of the follicular
phase. We thus speculated that add-back ther-
apy was having an inhibitory action on FSH se-
rum levels. After treatment initiation, LH levels
decreased significantly in all three groups and
were not significant different among groups for
the duration of the study, suggesting that add-
back therapy does not affect LH production.
However, the specific mechanisms underlying
these effects remain incompletely understood
and will require further study.

Of note, the estradiol valerate formulation used
in the present trial can metabolize into one of
the body’s natural estrogens (17B estradiol)
after oral administration and is currently widely
used in hormone replacement therapy. Dydro-
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gesterone is the 6-dehydro reversal isomeride
of progesterone and as such its molecular struc-
ture is extremely similar to that of natural pro-
gesterone [20]. Moreover, in contrast to syn-
thetic depogeston, dydrogesterone has not
been shown to increase the risk of breast can-
cer and is therefore an ideal choice for add-
back therapy [21].

On the whole, our trial showed that oral continu-
ous combined 05 mg estradiol valerate and 5
mg dydrogesterone as daily, immediate add-
back therapy during post-operative GnRH ago-
nist treatment of severe endometriosis may be
the most suitable regimen for Chinese women.
This combination therapy can not only reliably
relieve pain symptoms, reduce bone mass loss,
alleviate menopausal symptoms and improve
quality of life, but can also minimize overall ad-
verse effects, improve patient compliance and
prolong GnRHa treatment duration.
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