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Background: Ectopic pregnancies are a leading cause of maternal mortality. Most are treated surgically. We eval-
uated the efficacy and safety of combining oral gefitinib (epidermal growth factor receptor inhibitor) withmeth-
otrexate to treat larger ectopic pregnancies.
Methods: We performed a phase II, single arm, open label study across four hospitals in Edinburgh and Mel-
bourne. We recruited women with a stable tubal ectopic pregnancy and a pre-treatment serum hCG between
1000 and 10,000 IU/L. We administered intramuscular methotrexate (50 mg/m2) once, and oral gefitinib
(250mg) for seven days. The primary outcomewas the percentage successfully treatedwithout needing surgery.
To show the treatment is at least 70% effective, 28 participantswere required, and 24 ormore successfully treated
without surgery. Secondary outcomes were safety, tolerability, and time to resolution. This study is registered
(ACTRN12611001056987).
Findings: 30 participants with stable tubal ectopic pregnancies were recruited but two withdrew, leaving 28 par-
ticipants. The median (± range) pre-treatment serum hCG was 2039 (1031–8575) IU/L and nine had pre-
treatment hCGs levels N3000 IU/L. The treatment successfully resolved 86% (24/28) cases with a median (±
range) time to resolution of 32 (18–67) days. The treatment caused transient rash and diarrhoea, but no serious
adverse events.
Interpretation: Combination gefitinib and methotrexate is at least 70% effective in resolving ectopic pregnancies
with a pre-treatment serum hCG 1000–10,000 IU/L. Thismay be a newway to treatmost stable ectopic pregnan-
cies, but needs to be validated via a randomised clinical trial.
Crown Copyright © 2018 Published by Elsevier B.V. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).
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1. Introduction

Ectopic pregnancy complicates 1–2% of pregnancies [1] and is the
most common life-threatening condition in early pregnancy. In the
United Kingdom, there are 12,000 cases of ectopic pregnancy every

year and they contribute to 3–8% of all maternal pregnancy related
deaths [2]. 98% are tubal ectopic pregnancies where the pregnancy im-
plants in the Fallopian tube.

Ectopic pregnancies can be treated surgically (mainly by operative
laparoscopic excision), or medically (intramuscular injection of the fo-
late antagonist, methotrexate, followed by serial monitoring of serum
hCG concentrations) [3]. However, the efficacy of methotrexate treat-
ment is lower with higher pre-treatment serum hCG concentrations
[3]. Hence, many cases are still treated surgically [3] and there is a
need for a more effectivemedical therapy to reduce operative interven-
tion (and its inherent risks) in women diagnosed with ectopic
pregnancy.
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In many fields of medicine, notably oncology and rheumatology
(where methotrexate is in widespread clinical use), it is clear that out-
comes are improved with combination treatments which target differ-
ent aetiological pathways, compared to single agent treatment. We
propose that the addition of oral gefitinib (an epidermal growth factor
receptor [EGFR] antagonist) to the current medical management regi-
men of intramuscular methotrexate could provide an exciting clinical
solution to the suboptimal medical therapy currently available for the
management of ectopic pregnancy. Gefitinib is a molecularly targeted
drug that blocks EGFR signalling, and is licensed to treat non-small-
cell lung cancer.

In preclinical studies,wehave shown that ectopic pregnancy implan-
tation sites (trophoblast cells) express high levels of EGFR and that gefi-
tinib augments methotrexate-induced regression of pregnancy-like
tissue [4]. Importantly, the two agents work additively in trophoblast
cells to potently inhibit cell growth, block EGFR signalling pathways,
and enhance apoptosis.

We previously reported a Phase I (Gefitinib and Methotrexate Trial
1, or GEM1) single-arm open-label dose-escalation study administering
a combination of intramuscular methotrexate (50 mg/m2, standard
care) and 250 mg oral gefitinib (one dose (n = 3), three daily doses
(n = 3), seven daily doses (n = 6)) to 12 women with ectopic preg-
nancy (serum hCG b3000 IU/L) [5]. The combination of methotrexate
and gefitinib did not cause any significant toxicities (assessed clinically
and by serial biochemical assessment) or serious side effects. We have
also reported a case series where we successfully treated eight extra-
tubal ectopic pregnancies with gefitinib and methotrexate [6]. While
preliminary, the collective data from the preclinical work and the two
small early trials suggest combination methotrexate and gefitinib
merit further consideration as an effectivemedical treatment for ectopic
pregnancy.

We therefore undertook a phase II clinical trial. Importantly, we
wanted to examine whether the treatment is efficacious in treating
larger tubal ectopic pregnancies where current medical management
is more likely to fail. We set out to recruit tubal ectopic pregnancies
with pre-treatment serum hCG concentrations between 1000 and
10,000 IU/L.

2. Materials and Methods

We conducted a phase II single-arm multi-centre open label trial to
examine the efficacy and safety of a single dose of intramuscular meth-
otrexate and daily oral gefitinib for seven days to treat tubal ectopic
pregnancies (Trial registration number: ACTRN12611001056987). We
named this the GEM (Gefitinib and Methotrexate) II study and the pro-
tocol has previously been published [7]. This was an investigator led
project and the funders had no role in the conduct of the study.

In women with stable tubal ectopic pregnancy with hCG concentra-
tions between 1000 and 10,000 IU/L we expected the success of metho-
trexate treatment (defined as a decline in serum hCG b 15 IU/L without
the need for surgery) to be 70% or less. Using A'Hern's formula for Phase
II one-stage designs [8], with 80% power and a 5% level of significance,
28 patients were required to enable us to assess whether the proportion
of patients with a successful outcome to treatment was N70%. The rea-
son we selected this figure is that methotrexate in the clinic appears
to have a success rate of around 70% [9, 10]. Our power calculation
found if 24 or more patients have a successful outcome, we can reject
the hypothesis that the true efficacy of combination gefitinib andmeth-
otrexate is ≤70%.

We recruited women presenting with tubal ectopic pregnancies
with a pre-treatment serum hCG concentration between 1000 and
10,000 IU/L who were considered clinically stable at four hospitals:
Royal Infirmary of Edinburgh (Edinburgh, United Kingdom), Mercy
Hospital for Women (Victoria, Australia) and two hospitals within the
Monash Health Network (Monash Medical Centre and Dandenong Dis-
trict Hospital, both in Victoria, Australia). Ethical approval was obtained

from the Scotland A Research Ethics Committee (LREC 12/SS/0005)
(UK), the Southern Health Human Research Ethics Committee B (SH
HREC 11180B) and theMercy Health Human Research Ethics Committee
(R12/25). We obtained written, informed consent for all participants.

Our inclusion criteria were: women aged between 18 and 45 years;
pre-treatment serum hCG of 1000–10,000 IU/L (rising or static); ultra-
sounddiagnosis of definite tubal ectopic pregnancy (extrauterine gesta-
tional sacwith yolk sac and/or embryo, with orwithout cardiac activity)
or probable (inhomogeneous adnexal mass or extra-uterine sac-like
structure) performed by a clinical team of trained, qualified and experi-
enced ultrasonographers; no clinical evidence of intra-abdominal
bleeding; no pallor; no guarding/rigidity on abdominal examination;
stable blood pressure and heart rate; haemoglobin on full blood exam-
ination at day 1 between 100 and 165 g/L.

Our exclusion criteria were: women with a pregnancy of unknown
location; evidence of a significant intra-abdominal bleed on ultrasound
defined by freefluid above the uterine fundus or surrounding the ovary;
women with a history of any significant pulmonary disease; abnormal
liver/renal/haematological indices; significant pre-existing dermatolog-
ical conditions; significant pre-existing gastrointestinal medical ill-
nesses; and Japanese ethnicity (as those of Japanese descent who are
administered gefitinib have been reported to be at higher risk of devel-
oping interstitial lung disease) [11].

Our intervention was a single dose intramuscular methotrexate
(50 mg/m2) injection with seven daily doses oral gefitinib (250 mg).
We started the administration of gefitinib on the same day that the
first methotrexate injection was given. To monitor treatment response,
we followed protocols to track serial serum hCG concentrations widely
used for medical management with methotrexate, and first proposed
by Stovall et al. [12]. Serum hCG levels were measured on days 4, 7
and 11, then weekly until hCG levels declined to non-pregnant levels
(b15 IU/L). All women were reviewed regularly and subsequent man-
agement, and decision for surgery, was based on normal clinical care.
Surgery was considered if there was a persistent lack of response to
the treatment (evidence of a lack of a fall in serum hCG concentrations)
or there was clinical evidence raising suspicions of active bleeding or
tubal rupture.

To monitor safety and tolerability, women were assessed clinically
(history) and biochemically (haematological, renal and liver function
tests) on days 4 and 7 (or if elevated, they were offered repeat testing
until any abnormal values returned to normal physiological levels).

Our primary outcome was the resolution of the tubal ectopic preg-
nancy without the need for surgery. Resolution was defined by serum
hCG concentrations (the current clinical marker to monitor treatment
response) falling to non-pregnant levels (hCG b15 IU/L, which corre-
sponds to a negative urinary pregnancy test using themost sensitive as-
says). Failure was therefore defined as women who required salvage
surgery.

Our second outcome was to document safety, tolerability and ad-
verse events, as determined by clinical and biochemical assessment. Pa-
tients were regularly reviewed clinically and we confirmed normal
renal, liver and haematological function tests on day 1 and assessed
treatment effects on days 4 and 7. Furthermore, participants were
asked to collect information about adverse events in treatment diaries.
They were instructed to contact the clinical research team at any time
after consenting to join the trial if they have an event that requires
hospitalisation or an event that results in persistent or significant dis-
ability or incapacity. The protocols and evaluation in place for serious
adverse event reporting are described in detail in the published study
protocol [9]. After treatment, participants were contacted at least 3
and 6 months post treatment to document return of menstrual cycles
and any subsequent pregnancies.

We also compared the numbers who were successfully treated
without need for surgery to women not enrolled in the trial, but pre-
sented to our clinical services during the period the trial was recruiting
participants and treated with methotrexate alone. These were women
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