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Abstract

The majority of gestational trophoblastic neoplasia (GTN) responds extremely well to first-line, multiagent chemotherapy employing etoposide, methotrexate,
actinomycin D, cyclophosphamide, and vincristine (EMA-CO). However, up to 30% of patients develop either resistance or recurrence. Although EMA-CO resistant
GTN is a relatively rare disease, it can be challenging to manage. The cure rate to such a condition is highly dependent on the availability of an effective multiagent
chemotherapy regimen with reasonable toxicity profile. Close monitoring of high-risk patients, early diagnosis and recognition is key for a successful outcome. Despite
the primary role of chemotherapy in EMA-CO resistant disease, surgical interventions have been shown to improve survival and cure rate. A variety of multiagent
chemotherapy regimens have shown efficacy in EMA-CO resistant disease. Unfortunately, to date, there is no strong evidence to suggest which regimen is the
standard second-line therapy. Many patients require multiple regimens with or without surgery to achieve complete remission. Early and appropriate intervention
is crucial to maximize the chance of cure. The aim of this review article is developing a comprehensive clinical guide for management of EMA-CO resistant GTN.

Background

Gestational trophoblastic disease (GTD) is a group of neoplastic
disorders that arises from placental trophoblastic tissue after abnormal
fertilization. It includes pre-malignant disease, which are complete and
partial hydatidiform moles, and malignant disease, which includes
choriocarcinoma, invasive mole, placental site trophoblastic tumor
(PSTT), and epithelioid trophoblastic tumor (ETT). The malignant
forms of GTD are collectively known as gestational trophoblastic
neoplasia (GTN) [1].

Patients with GTN are classified as having low-risk or high-risk
disease using the modified World Health Organization prognostic
scoring system, that is adapted by the International Federation of
Gynecology and Obstetrics (FIGO). High-risk is defined by FIGO stage
IV or any FIGO stage with a score 27, which indicates multi-agent
chemotherapies as standard therapy [2,3].

Since the development of effective chemotherapy, high-risk GTN
has become one of the most curable human malignancies [4]. EMA/
CO (Etoposide, Methotrexate, Actinomycin D, Cyclophosphamide and
Vincristine) is the most widely used primary combination therapy for
high-risk GTN [5]. The remission rates of EMA/CO range from 71%
to 91% [4,6,7]. However, 30% to 40% of women will develop resistance
or will relapse after initial remission and require salvage chemotherapy

(5].

The relapse rate after initial compete response for high risk GTN
is around 7-10% [8]. Unfortunately, around 20% of GTN relapses
are incurable P\ Importantly, about 83% of relapses occur within 18
months of complete response [10]. Failure to identify early relapses in
patients who fail to follow up prevents early treatment when tumor load
is still small and probably contribute to treatment failure [10].

The ultimate cure rate for resistant high-risk and relapsed GTN
depends on the success of salvage chemotherapy with or without
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adjuvant surgical procedure. Despite the availability of various salvage
regimens worldwide, it is unclear which regimens are the most effective
and the least toxic. Management of high-risk EMA-CO resistant,
relapsed GTN and the most widely used second line chemotherapies
including their remission rates and toxicity profiles, are summarized in
this review paper.

Diagnosis of EMA-CO resistant GTN

To date, there is no standard guideline to define the criteria for
resistance to chemotherapy even though some physicians determine
this condition by a plateau or rise in serum human chorionic
gonadotropin (hCG) and/or development of new metastases. Feng
et al. defined diagnosis of chemotherapy-resistant GTN as one of the
following: A) two or more rising serum hCG levels despite receiving
at least 2 courses of standard multi-agent chemotherapy, B) three or
more consecutive hCG levels that have failed to decline more than 10%
below the preceding hCG level, these patients are considered to have a
plateau in their hCG, C) Increase size of tumor or development of new
metastases during the multi-agent chemotherapy [11].

In 2012, Lybol et al. constructed nomogram for hCG regression in
patients with high-risk GTN that were successfully treated with EMA-
CO chemotherapy in an attempt to predict EMA-CO resistance. hCG
levels were collected prior to each cycle of chemotherapy and plotted on
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the 10, 50™, and 90 percentiles to construct nomograms. They found
that one-half of the patients with primary high-risk disease had normal
hCG levels prior to 6™ cycle of chemotherapy. In patients with primary
high-risk the 90 percentile line fell below normal before the 8% cycle
of chemotherapy [12].

Subsequently, Rattanaburi et al. created hCG regression curves
in high-risk GTN patients to determine if there was an optimal hCG
level to predict EMA-CO resistance. They retrospectively plotted hCG
regression curves for 81 patients treated with EMA-CO, they were
classified as primary high-risk (n=65) and single agent-resistant GTN
(n=16). hCG levels were drawn prior to each cycle of chemotherapy and
plotted on the 10*, 50*, and 90" percentiles to construct their regression
curves. They found that the 90" percentile line fell below normal prior
to 2™ cycle of chemotherapy in single agent-resistant GTN patients and
prior to the 9" cycle in primary high-risk GTN patients. Using ROC
analysis, they determined that an hCG level>118.6 mIU/mL measured
prior to the 5% cycle of chemotherapy provided the best diagnostic
accuracy in predicting EMA-CO regimen resistance (sensitivity 85.7%,
specificity 100%). The fifth cycle of EMA-CO is ideal because one-half
of the patients with primary high-risk GTN had a normal hCG level
prior to the start of the 4" cycle [13].

Prognostic factors for treatment failure

Because the clinical significance of EMA-CO resistant disease,
many investigators have endeavoured to recognise prognostic factors in
cases of EMA-CO resistance. In 1998, Kim et al. described prognostic
factors for treatment failure. They retrospectively reviewed 165 GTN
patients who received the EMA-CO chemotherapy regimen [14]. Using
univariate analysis, numerous factors were identified that predicted
treatment failure. These factors include the following: A) tumor age
“disease duration”; B) initial hCG titer; C) metastatic site (brain, liver
and gastrointestinal metastases having an inferior prognosis); D)
number of metastatic organs involved; E) unplanned operation; F)
gravidity; G) and inadequate previous chemotherapy. They found that
as the tumor ages, the death rates also increased from 5% (for less than
6 months) to 13% (for 7 to 12 months) and to 34.5% (for more than
12 months). Furthermore, as hCG values increased, the death rate also
increased from 12.5% (for <1000 mIU/ml) to 34% (for >100,000 mIU/
ml). In terms of metastatic site, they found that if the metastatic site was
confined to the lung and/or vagina, the death rate was 12%, compared
to 52% with metastases to the brain. Similarly, the number of metastatic
organs had a significant effect on death rate. Not surprisingly, if the
number of metastatic sites was zero, the death rate was only 4%. This
number increases to 18.5% with one site and to 64% with two or more
sites. When an unplanned operation was performed, the death rate was
31%, compared to 11% without one. Gravidity had a negative impact
on death rate. The death rate was 12% in patients with gravidity<4,
compared to 25.5% for patients with gravidity>4. In their multivariate
analysis, the prognostic factors that are most important in determining
a response to treatment in high-risk patients are: A) disease duration
“tumor age” [greater than 12 months]; B) number of metastatic organs
[2 or more sites]; C) metastatic sites apart from the vagina and lung; and
D) inadequate previous chemotherapy. In patients with two or three
of these factors, the death rates were 17.7% and 56.5%, respectively.
In a stepwise logistic regression of prognostic factors, tumor age and
number of metastatic organ conferred the worst outcome and were
considered independent high-risk factors for treatment failure [14].

Prognostic factors from other studies were mostly similar [8,15].
Lurain et al. reported that survival was influenced by hCG level, type
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of antecedent pregnancy, metastatic site, number metastatic sites, and
WHO score, but only hCG level and metastatic site had a statistically
significant effect. Patients with an hCG level<100 mIU/ mL at the start
of salvage chemotherapy had a survival rate of 80% compared to 36%
when the hCG level was > 100 mIU/mL. Survival was 100% when
there was no evidence of metastasis, 79% with metastases to the lung
and vagina, and 36% with metastases to other sites [15]. Furthermore,
Newlands et al. performed a multivariate analysis on recurrent and
drug-resistant GTN and concluded the following were statistically
significant adverse prognostic variables: the presence of liver metastases
and brain metastases, long interval from antecedent pregnancy, and
term delivery as antecedent pregnancy [8]. In addition, a few reports
have documented that salvage therapy was more likely to fail in heavily
pre-treated patients [16-18].

Surgical management

The development of effective chemotherapy has narrowed the
importance of surgical approach in managing patients with GTN.
However, adjuvant surgical procedures, mainly hysterectomy and
pulmonary resection, for excision of chemotherapy resistant GTN
still plays an important role in salvage therapy. In some patients with
incomplete response to salvage chemotherapy regimen, surgical
intervention could be useful in removing resistant tumor foci and
improving outcomes in selected patients [5,11,19,20]. Salvage
surgeries, including hysterectomy, pulmonary resection and uterine
wedge resection could achieve complete remission in 85% of EMA-CO
resistant patients [21]. The remission rate associated with thoracotomy
and pulmonary resection, in carefully selected patients, is 73-90%
[26,28].

When surgery is considered in management of EMA-CO resistant,
comprehensive metastatic survey should be performed, to document
the extent of the disease. Complete assessment must include some or all
of the following: detailed physical examination, complete blood count,
liver function, renal function, hCG level, pelvic ultrasonography, CT
chest abdomen and pelvis, CT/MRI brain, PET scan [11,19].

Feng at al reported several clinical parameters associated with
favorable outcomes in order to predict a therapeutic response to salvage
surgery !, They compared patients who had successful treatment to
those who did not. Several variables were found to be significantly
different between the groups. The factors they found include: A) age;
B) antecedent non-molar pregnancy; C) the presence of metastasis
outside of the lungs; and D) preoperative serum hCG level. Remarkably,
FIGO prognostic scores and preoperative cycles of chemotherapy were
not statistically significant. A cut-off of 35 years of age gave the best
sensitivity (70%) and best specificity (57%). For patients less than 35
years of age at surgery, 10% had treatment failure. When they compared
patients greater than 35 years of age at surgery, 45.5% had treatment
failure. A cut-off for preoperative serum hCG of 10 IU/L provided the
best sensitivity (60%) and best specificity (82%). For those patients who
had a preoperative hCG level less than 10 IU/L, 8.5% had treatment
failure. In comparison, for those patients who had a preoperative hCG
level greater than 10 IU/L, 43% had treatment failure. Multivariate
analysis revealed that older patient age and higher preoperative serum
hCG level were predictors of treatment failure. Each patient who
experienced treatment failure had 2 or more of these adverse factors
[11].

Proper assessment is crucial when deciding for surgery in
chemotherapy resistant GTN. Feng and Xiang proposed four criteria
to identify the ideal candidate for surgery in those patients [19]. The
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criteria of surgical management in patients with chemotherapy-
resistant GTN are: A) the performance status of the patients should
be good enough to tolerate surgery. B) there should be no evidence
of active tumor outside site of surgical resection. C) there should be
no evidence of disseminated disease resistant to chemotherapy. D)
preoperative hCG level should be as low as possible. To date, a known
acceptable titer for preoperative hCG level is not available [19].

In 1980, Tomada et al. evaluated their results from planned
resection of pulmonary nodules in GTN. Based on these results, they
proposed guidelines for successful treatment: A) the patient must be a
good candidate for surgical intervention; B) the primary malignancy
must be controlled (i.e. the uterus has already been resected, or there
is no radiological evidence of tumor in pelvic cavity); C) there is no
evidence of metastatic disease; D) radiological evidence of pulmonary
metastasis is limited to one lung; E) The urinary hCG level is below
1000 mIU/mL. In their series, 14 of 15 patients (93%) who satisfied all
of these criteria were cured by pulmonary resection. In comparison,
none of the patients who had 1 or more unfavorable factors were cured
by pulmonary resection. The main indications for pulmonary surgical
resection for choriocarcinoma are: A) urinary hCG values persisting at
or below 1000 mIU/mL (but not under 16 mIU/mL) in spite of long-
term chemotherapy; and B) pulmonary metastases showing evidence
of responding to treatment on chest x-ray [24]. In other words, ideal
candidates for pulmonary resection are those patients who have residual
pulmonary metastases that initially responded to chemotherapy, have
no other evidence of disease based on diagnostic imaging, and have
relatively low levels of hCG. Although prompt regression of hCG levels
to normal after surgery is a favorable prognostic sign, post-operative
chemotherapy should be considered [24]. In addition, Fleming et al.
found that patients who survived after thoracotomy for GTN were
likely to have: A) perioperative hCG less than 1500 mIU/mL; B) stage
III disease (no liver or brain metastases); and C) solitary pulmonary
nodule [22]. Several investigators have reported that the achievement
of non-detectable hCG within 1-2 weeks after resection of a solitary
pulmonary nodule is highly predictive of favorable outcome [2,19].
Cao et al. reported that the patients with chemotherapy-resistant GTN
who received more than four regimens or 13 cycles of pre-operative
chemotherapy had a poor prognosis and were less likely to benefit from
pulmonary lobectomy [26].

While GTN is mainly a disease of reproductive age, fertility sparing
local uterine resection may be an option for patient who desires to
preserve fertility as long as she understands the risk of such approach
and the possible consequences. It is important to precisely determine
the size and the location of the disease, ultrasonography and/or MRI
are helpful in that purpose [19].

Other surgical interventions could be considered in selected
patients. After lung, the vagina is the second most common metastatic
site in GTN [27]. The principal treatment for vaginal metastases is
chemotherapy. Surgical excision of vaginal metastases should be
avoided, due to high vascularity, unless the lesion represents the only
site of drug-resistant disease [19]. Brain metastases occur in 8-15% of
the patients with metastatic GTN. Currently, the practice for treating
patients with brain metastases consists of an intensive multi-agent
chemotherapy, intrathecal methotrexate, whole brain radiation therapy;,
and neurosurgical intervention. However, craniotomy for resection
of chemotherapy-resistant brain lesion is rarely performed. In rare
circumstances, cerebral metastases that are resistant to chemotherapy
could be amenable to local resection, particularly if they are localized
at the periphery. In general, craniotomy is reserved for women who
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require acute decompression of CNS hemorrhagic lesions to allow
stabilization and initiation of therapy [19,28]. Liver metastases are an
ominous feature and the reported survival rates are generally poor.
Hepatic resection may be necessary to control acute hepatic bleeding or
to remove localized areas of resistant tumor. Resection of isolated liver
metastases is rarely feasible for treatment of chemotherapy-resistant
disease, because most patients will have other sites of active disease or
disseminated involvement of the liver [19].

Second lines chemotherapy for GTN

As we mentioned before, up to 30% of high risk GTN will
develop resistant to primary chemotherapy regimens or have
relapse after initial therapy. Salvage rate depends on the use of
effective chemotherapy regimens with high cure rate. The salvage
rate for resistant GTN is around 88% [8]. Some patients might
require multiple chemotherapy regimens to achieve remission
after developing EMA-CO resistant [29]. Experts have strongly
recommended that GTNs are best treated by chemotherapy that is
administered at frequent intervals and the interval between courses
should rarely exceed 14-21 days depending on the chemotherapy
regimens [27,29,30]. Treatment delay or dose reduction due to
chemotherapy-induced neutropenia may contribute to tumor
resistance and treatment failure [2]. The commonly used second-
line regimens in GTN will be discussed, including the detailed
regimen, remission rate and toxicity profile.

EMA-EP

EMA-EP (Etoposide, Methotrexate, Actinomycin D-Etoposide,
Cisplatin) is the most common salvage chemotherapy regimen in EMA-
CO resistant GTN, and the most commonly regimen used in Charing
Cross Hospital [8]. It seems to be the most appropriate chemotherapy
for patients who have initially responded to EMA-CO but have
plateauing low hCG levels or who have developed re-elevation of hCG
levels after having had a complete response to EMA-CO [31,32]. The
remission rate associated with EMA-EP is 70-80% [4,8,33].

The regimen is summarized in Tables 1 and 2 [34,35]. At least two
different schedule are used, one from Charing Cross Hospital, UK
[31] and the other one from Women’s Hospital in Zhejiang University,
China [32]. This regimen is repeated every 2 weeks. Response to
chemotherapy is assessed weekly by measuring serum hCG levels, and
monthly by a physical examination including a pelvic examination
and a chest radiograph or a computed tomographic scan [32]. After
undetectable hCG values are achieved, two to four additional courses
of chemotherapy are administered to reduce the risk of relapse and
eradicate all tumor cells [2,32].

Table 1. EMA-EP schedule from women’s hospital at Zhejiang university, China

Regimen Dose

Day 1 100 mg/m? IV over 30 min

Etoposide 0.5 mg IV push
Actinomycin D 5
Methotrexat 100 mg/m?* IV push
cthotrexate 200 mg/m? IV infusion in 100 mI NS over 12 hours
Day 2 ) .
Etoposide 100 mg/m?* IV over 30 min

0.5 mg IV push
15 mg IM every 12 hours for four doses, beginning 24 hours
after start of methotrexate

Actinomycin D
Folinic acid

Day 8
Etoposide 100 mg/m? IV
Cisplatin 80 mg/m?

IV: Intravenous; IM: Intramuscular; NS: Normal saline
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Table 2. EP-EMA schedule from Charing Cross hospital, UK

Regimen Dose

g;y (1)5. " 150 mg/m?1V in 250 ml NS over 30 min

Cisplatl'n 25 mg/m* IV in 1 L NS+20 mmol KCL over 4 hours

Cisplat%n 25 mg/m* IV in 1 L NS+20 mmol KCL over 4 hours

Cisplat;n 25 mg/m* IV in 1 L NS+20 mmol KCL over 4 hours
P (Total dose of Cisplatin 75 mg/m? over 12 hours)

Day 8

Etoposide 100 mg/m? IV in 250 ml NS over 30 min

Methotrexate 300 mg/m? IV in 1 L NS over 12 hours

Actinomycin D 0.5 mg IV bolus

Day 9

Folinic acid 15 mg orally or intramuscularly twice daily for 4 doses

24 hours after start of methotrexate

IV: Intravenous; NS: Normal saline

Toxicity profile of EMA-EP regimen is relatively bearable. It
requires careful monitoring for renal function since cisplatin is
nephrotoxic and methotrexate is renally excreted [29]. Main toxicities
are hematological and renal, in addition to other mild toxicities
associated with cytotoxic chemotherapy [31,32]. Bone marrow
suppression is the most common adverse effect, without the support
of G-CSF (Granulocyte Colony Stimulating Factor). Therefore, it
requires G-CSF support for three or four days between each cycle of
chemotherapy in order to maintain the momentum of treatment and
avoid delays [5,29]. Grade 3 and 4 neutropenia occurs in up to 68%,
and grade 3 and 4 thrombocytopenia is around 40%. While grade 1
and 2 nephrotoxicity occurs in 40%, mild hepatotoxicity affects 2.6%
only [31,32].

TP/TE

The TP/TE doublet regimen (Paclitaxel+Cisplatin/Paclitaxel
Etoposide) is fairly well tolerated despite extensive previous
chemotherapy, and is safe and effective in relapsed, high-risk heavily
treated patients with GTN [17,34]. The overall survival associated
with this regimen is 70-75%, but less in patients who received prior
platinum-containing therapy [17]. It is a good alternative option to
EMA/EP with less toxic profile.

The regimen at Charing Cross Hospital is summarized in Table 3
[17]. Osborne et al. in Toronto used slightly modified protocol [34]. The
regimen used in Toronto as following:

e Day 1 - Paclitaxel 135 mg/m? over 3 hours+Etoposide 150 mg/m?
over 30 minutes.

o Day 15 - Paclitaxel 135 mg/m?over 3 hours+Cisplatin 75 mg/m?over
1 hour.

TP is alternating every 2 weeks with TE, or vice versa, to form one
cycle of therapy. Prophylactic subcutaneous injections of G-CSF for 3-4
days are used. Patients receiving chemotherapy are assessed by hCG
levels twice weekly. Treatment is discontinued when the hCG is normal
for 8 weeks.

The most common toxicity is grade 3 and 4 neutropenia which
occurs in 42%, while grade 3 and 4 thrombocytopenia develops in 13%
only. In addition, mild nausea and peripheral neuropathy is recorded in
13% and 21%, respectively [17].

BEP

BEP (Bleomycin, Etoposide, Cisplatin) protocol have been also used
in refractory GTN [15,35]. The complete response in high-risk GTN, as
primary and secondary therapy, is around 89%, with or without surgery
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and/or radiotherapy [35]. However, this regimen achieves complete
response in about 74% of persistent/relapsed high-risk gestational
trophoblastic neoplasia [15]. Moreover, Zhao et al. reported remission
rate of 83.3% in FA (5-FU and Actinomycin D) resistant patients [36].

The most commonly used BEP protocol is summarized in Table
4 [15]. Pulmonary function tests are obtained prior to each dose of
bleomycin to monitor for pulmonary toxicity and a maximum of 270
units of bleomycin is given.

The treatment is repeated every 21 days. In order to reduce the
incidence of severe neutropenia and avoid treatment delays, G-CSF 300
mcg is administered on days 6-14 of each treatment cycle. Three cycles
of chemotherapy after negative serum B-hCG are given [15,35].

The most common side effects with BEP protocol are alopecia
(98.5%), nausea and vomiting (72%), neutropenia (68%) and peripheral
neuropathy (44%). Whereas all these toxicities are grade 1 and 2, grade
3 and 4 neutropenia occur in 9%. Other grade 1 side effects include
thrombocytopenia, hepatotoxicity, cardiac toxicity and pulmonary
toxicity in 16%, 11%, 4% and 2.5%, respectively [35].

5-FU/Actinomycin-D (FA)

In China, the FA protocol is often used as the first-line
chemotherapy regimen for both low and high risk patients with
GTN, while EMA-CO and BEP are used as second-line therapy [36].
Remission rate with FA as primary therapy in high risk GTN reach
around 85% [36], with or without surgery, and up to 80% as salvage
chemotherapy [37].

The FA regimen is given over 5 days, Day 1-5, containing daily
dose of 5-Fluorouracil 1500 mg IV infusion over 8 hours and
Actinomycin-D 0.5 mg IV bolus [37]. In case of brain metastases,
intrathecal methotrexate is added to the protocol [36]. A satisfactory
response was defined as at least 1 log decrease in hCG level after each
chemotherapy course. Response to the FA regimen was assessed by
measuring serum human chorionic gonadotropin (hCG) levels twice
weekly. Chemotherapy was repeated in 2-week or 3-week intervals
until the serum hCG level decreased to normal. Once the hCG level is
undetectable, patients should receive additional seven cycles [37].

Table 3. TP/TE protocol

Regimen Dose

Day 1

Dexamethasone 20 mg oral 12 and 6 h prior Paclitaxel
Cimetidine 30 mg in 100 ml NS over 30 min IV
Chlorphenamine 10 mg bolus IV

Paclitaxel 135 mg/m? in 250 mI NS over 3 h IV
Mannitol 10% in 500 ml over 1 h

Cisplatin 60 mg/m?in 1 LNS over 3h IV
Post-hydration 1 LNS+KCL 20 mmol+1 MgSO, over 2 h IV
Day 15

Dexamethasone 20 mg oral 12 and 6 h prior Paclitaxel
Cimetidine 30 mg in 100 ml NS over 30 min IV
Chlorphenamine 10 mg bolus IV

Paclitaxel 135 mg/m? in 250 mI NS over 3 h IV
Etoposide 150 mg/m? in 1 LNS over 1 h IV

H: Hour; L: Liter; NS: Normal saline; IV: Intravenous; KCL: Potassium chloride; MgSO,:
Magnesium sulfate

Table 4. BEP protocol

Regimen Dose Duration/Schedule
Bleomycin 30 Unit Intravenously Days 1,8,15
Etoposide 100 mg/m? Intravenously Days 1-4
Cisplatin 20 mg/m? Intravenously Days 1-4.
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The toxicity profile mainly involves the gastrointestinal tract.
Almost all patients develop grade 1 or 2 nausea and emesis which can be
treated with standard antiemetics, but 48% will have grade 3 vomiting.
Furthermore, grade 3 and 4 diarrhea and oral mucositis might occur
in 54% and 30%, respectively. Whereas grade 3 and 4 leukopenia are
as common as 42%, thrombocytopenia occurs in 12% as grade 1 and
2 only. In addition, grade 3 alopecia develop is almost all patients, but
they recover within 6 months after completion of chemotherapy. Rarely,
elevated liver enzyme might affect 9% of the patients [36,37].

FAEV

The FAEV (Floxuridine, Actinomycin D, Etoposide, Vincristine)
regimen has been mainly used in China, as primary therapy in very
high-risk GTN as well as salvage chemotherapy [18,38]. As the first line
multi-agent chemotherapy in primary setting, remission rate is about
80% [38]. On the other hand, the remission rate as salvage therapy is
60%, with or without surgery [18].

The FAEV regimen is outlined in Table 5 [38]. The chemotherapy
is cycled in 21-day intervals. Three additional courses of chemotherapy
after normalization of the B-hCG level are given. Of note, prophylactic
G-CSF is not given routinely in this regimen. In patients with brain
metastasis, intrathecal methotrexate is added to the protocol. The most
common adverse events encountered were nausea (59.3%), anemia
(53.8%), fatigue (50%), neutropenia (48%), and anorexia (45%). The
majority of these episodes are categorized as grade 1 or 2. However,
grade 3 and 4 neutropenia occurs in 26% and thrombocytopenia in 3%
[18]. For this reason, introducing prophylactic G-CSF in the regimen
could be considered.

Other second line therapy

There are multiple other less used chemotherapy regimens which
could be utilized in certain patients. We will try to briefly address these
protocols including their remission rates.

APE: APE (Actinomycin, Cisplatin, Etoposide) protocol is used as
first line or salvage therapy [39]. The remission rate associated with this
regimen is as high as 94%, in both primary or recurrence setting, even
after multiple prior chemotherapy. However, this rate drops to 85%
once FIGO scoring system is over 12 [39]. As this regimen does not
include methotrexate, it is not offered to patients with brain metastasis.
Different scheduling for APE regimen is summarized in Table 6
[39]. Chemotherapy is administered until human serum chorionic
gonadotropin (hCG) levels decrease to within the normal range plus
a further six weeks. This regimen resulted in acceptable rates of acute

Table 5. The FAEV regimen

Regimen Dose Duration |Schedule
800 mg/m> |DI1-5
Actinomycin D 1200 pg/m*>  DI-5

100 mg/m?> | DI1-5

Floxuridine Administered by infusion more than 8 hour
Administered by infusion more than 30 min
Etoposide Administered by infusion more than 30 min

N Administered by bolus intravenously 3 hours

Vincristine 2 mg D1 X . X
before treatment with Actinomycin

D: Day; min: Minute

Table 6. APE regimen

Actinomycin

Etoposide Cisplatin

Regimen (0.3 mg/m¥d) = (100 mg/m*/d) Cycle
Regimen 1 D1-3,D14-D15 | D1-3,D14-D15 | D1, 100 mg/m* | Every 28 days
Regimen 2 D1-D3 D1-D3 DI, 100 mg/m?> | Every 21 days
Regimen 3 D1-D3 D1-D3 D1, 75 mg/m> | Every 21 days

D: Day

Cancer Rep Rev, 2019 doi: 10.15761/CRR.1000179

toxicity and limited long-term toxicities, there is no unusual toxicity to
other cisplatin/etoposide containing protocol.

VIP and ICE: The VIP protocol as following: Etoposide 75 mg/m?
intravenously (IV); Ifosfamide 1.2 gm/m? (IV); and Cisplatin 20 mg/
m? (IV) every day for 4 days. Mesna is given as a 120 mg/m?* (IV) bolus
preceding the first dose of ifosfamide, followed by a 1.2 gm/m?* 12-hour
(IV) infusion daily after each ifosfamide dose. If significant cisplatin-
induced renal or neurologic toxicity occurs, Cisplatin is replaced by
Carboplatin in the ICE protocol. The ICE regimen is: Ifosfamide 1.2
gm/m? on days 1-3 , with mesna as above doses; Carboplatin 300 mg/
m?* (IV) on day 1; and Etoposide 75 mg/m? on days 1-3 [15]. These
regimens are repeated every 21 days. In order to reduce the occurrence
of severe neutropenia and prevent treatment delays, granulocyte colony
stimulating factor (G-CSF) 300 mcg is given subcutaneously on days
6-14 of each treatment cycle. The complete response rate is documented
to be around 67% in patients treated with these regimen [15].

PVB: The PVB protocol is consisted of Vinblastine 0.3 mg/kg
intravenously (IV) on day 1, Bleomycin 15 mg/day as a continuous
infusion on days 1, 2, 3, and Cisplatin 100 mg/m2 (IV) on day 2 with
extra-hydration and mannitol diuresis to minimize renal toxicity [40].
The treatment is introduced at 21 -day intervals. The cure rate with PVB
protocol in high risk resistant GTN is 62%, with or without surgery
or brain radiotherapy. The regimen is well tolerated with no major
toxicities, no grade 3 or 4 toxicity.

Fluorouracil (5-FU), Methotrexate (MTX) and Etoposide (VP-
16): 5-FU based chemotherapy is used commonly in China. 5-FU,
MTX and VP-16 schedule for 5 days with an interval of 14 days between
courses. The doses for the regimen are 5-FU 26 mg/kg Intravenously
(IV), MTX 0.3 mg/kg Intramuscularly (IM), Etoposide 100 mg IV
[41]. Chemotherapy is repeated until three consecutive weekly hCG
level are normal, and following that, an additional 1- 2 cycles is given.
The remission rate in previously treated patients is 78% [41]. Common
side effects include bone marrow suppression, nausea and vomiting,
diarrhea, hepatotoxicity and mucositis. These side effects are mainly
grade 1 and 2, but neutropenia and nausea and vomiting could become
grade 3 and 4 in 25 and 40%, respectively [41].

Paclitaxel and carboplatin: Paclitaxel and Carboplatin protocol
has been also used in resistant GTN [42]. The regimen is paclitaxel 175
mg/m? and carboplatin (area under the curve, 6) and is administered
every 3 weeks’ interval. After undetectable B -hCG values are achieved,
2 additional courses of chemotherapy are administered to reduce the
risk of relapse. The remission rate has reached 62% [42].

High-dose chemotherapy (HDC) and peripheral blood stem
cell support: High-dose chemotherapy and peripheral blood stem cell
support has been used to manage refractory GTN cases [43,44]. While
the results of such approach have shown mixed outcome, it could be
an options for selective high risk refractory GTN who fail multiple
salvage therapies [43]. Based on few case reports and series, complete
remission was achieved in 50%,11 out of 22 patients [45]. However, the
survival time after complete response in 4 cases was <4 months. The
most commonly used regimen is HDC is ICE. Other used regimens
include EC (Etoposide/Cyclophosphamide), CEM (Cyclophosphamide,
Etoposide, Melphalan), EP (Etoposide, Cisplatin) and Carb-EC
(Carboplatin, Etoposide, Cyclophosphamide). The majority of patients
received only one cycle , but up to 4 cycles of HDC with steam cell
support were given [45].
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Radiotherapy

Radiotherapy play an important part in improving the outcome
of challenging refractory/resistant GTN disease, mainly in cerebral
metastasis. When brain metastasis is diagnosed, addition of whole
brain irradiation to systemic chemotherapy has proven to increase
the chance of cure [46-48]. Whole-brain irradiation, 2400-3000 cGy
in 200 cGy fractions, has a dual advantage of being tumoricidal and
hemostatic, should be administered simultaneously with the initiation
of chemotherapy. In addition, brain irradiation provides excellent local
control of brain disease. Radiotherapy must be avoided in clinically
unstable patient due to cerebral lesion as it may worsen the clinical
condition.

Post treatment follow up

Complete response is defined as an achievement of three
consecutive weekly normal hCG levels and the disappearance of
metastasis [5,33]. Follow up and surveillance after complete response
to chemotherapy in resistant GTN disease is crucial. Depending on the
regimen used and initial status of the disease, at least two additional
courses of chemotherapy are given after normal hCG value. Lu et al.
recommended follow up of all patients with weekly hCG levels in
the first three months after finishing chemotherapy, then monthly
until 24 months [33]. However, Lurain et al. at Brewer Trophoblastic
Disease Center, follow up their patients with monthly hCG levels for
12 months and every 3 months during the second year [5]. Mutch et
al. reported that relapses developed within 3 and 18 months in 50 and
85% of patients, respectively [49]. Patients are advised not to conceive
for 1 year after completing therapy and to have an hCG level obtained
6 weeks after any future pregnancy. Oral contraceptive pills are usually
prescribed during chemotherapy, unless contraindicated, to prevent
pregnancy, to decrease the risk of ovarian failure, and to suppress
endogenous luteinizing hormone and follicle stimulating hormone
which may interfere with the measurement of hCG at low level [5].

Expert commentary

Management of EMA-CO resistance GTN is challenging and
can be way very complicated. These patients mostly are young and
in their reproductive age, but they require aggressive management
surgically and medically. Awareness about prognostic factors and
patient characteristics associated with resistant disease is vital in early
recognition of such condition. Careful and appropriate monitoring
of serum hCG levels is fundamental to provide early and timely
interventions which should offer the best chance for cure. Knowing
the fact that mortality rate is around 20 percent, this disease requires
proper and assertive management.

Availability of many proven efficacy multiagent chemotherapy
regimens should be an assist to the treating physician in managing such
a disease. Regimen choice depends on previous chemotherapy received,
patient tolerance to specific agents and previous chemotherapy
side effects. Taking into account that multiple regimens might be
necessary to achieve remission. Despite the main role of multi-agent
chemotherapy regimens in EMA-CO resistant GTN, surgery has an
important role in curative treatment. Surgical interventions in highly
selected and appropriate candidates can improve overall outcome,
however it should be considered in early course of management rather
than later. Unfortunately, surgery might involve hysterectomy, for these
young women, and/or thoracotomy.

Based on the current data and studies, evidence is still limited to
suggest which regimen is more superior. Almost all studies are single
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institution experience, retrospective analyses, and with a relatively a
small sample size. Due to the extreme rarity of EMA-CO resistant GTN,
it will be challenging to have data based on multicentre prospective
randomised clinical trials. Therefore, the management should be
individualized based on patient characteristics and previous treatments,
and all patients should be treated in experienced institutions where
options for appropriate interventions are accessible. Interestingly,
the regimen of choice is varied across the world. While EMA-EP is
considered the first option in North America and Europe, 5-FU based
multi-agent chemotherapy is the the preferred regimen in Asia. Heavily
treated patients might get benefit from the introduction of completely
different chemotherapeutic agents. In the presence of current positive
outcome, high-dose chemotherapy and peripheral blood stem cell
support is an option to treat challenging refractory GTN.

Radiotherapy may play a significant role in salvage therapy, mainly
in managing brain metastases. In brain metastases, radiotherapy, in
combination with chemotherapy, is considered to be tumoricidal and
hemostatic. However, radiotherapy should not be given in acutely
decompensating patients, due to risk worsening edema, bleeding and
death.

Future direction

It is agreeable that the main management of EMA-CO resistance
GTIN is multi-agent chemotherapy regimen. Nevertheless, there
is no strong evidence to indicate which regimen showed superior
outcome. Dramatic change on the currant approach is not anticipated
in near future, especially that the majority of this disease is curable
with the available options. However, development of targeted therapy
in oncology management, especially in gynecologic oncology, might
prove efficacy. Initial report from UK showed promising result with
use of Pembrolizumab, as single agent, in high risk and refractory
GTN [50]. Pembrolizumab is monoclonal antibodies targeting PD-1
(Programmed Death protein 1) inhibitory signaling which is one
of multiple suppressive mechanisms to regulate anticancer T-cell
activity. Programmed cell death ligand 1 (PD-L1) is overexpressed
by GTN, proposing the ligand is involved in tumor-immune evasion.
Pembrolizumab is given as intravenous infusion, well tolerated, and
has an acceptable toxicity profile. More data is required to consider
Pembrolizumab as an option for such a disease, but that could be
soon. An ongoing DART trial (Dual Anti-CTLA-4 and Anti-PD-1
Blockade in Rare tumor), a phase 2 clinical trial evaluates the response
rate associated with Nivolumab and Ipilimumab in treating patients
with rare tumors, including trophoblastic tumor, could provide more
data about the value of monoclonal antibodies in the management of
resistant or refractory GTN.
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