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ABSTRACT

Modern medicine has made extraordinary
progress in the last few decades. But little
success has been achieved in the management of
recurrent pregnancy losses and implantation
failures post in vitro fertilization. It results in
extreme duress and financial burden on the
couples seeking treatment. To prevent such
pregnancy losses a lot of new therapies are

offered to them. Immunotherapies like
Allogenic Lymphocyte Immunization,
Corticosteroid therapy, Intravenous

Immunoglobulin, etc., are being researched and
tried.

We searched current literature for evidence
pertaining to all the different immunotherapies
for treatment. We studied trials, meta-analyses
and review articles on it. This review has
summarized the current status of research and
evidence on all these therapies.

We concluded that the causation and mechanism
of alteration of immune system has been well
documented in most of the therapies. Clinical
evidence indicating definite  benefit s
conflicting and at times lacking. More research
and studies need to be done to validate these
therapies for routine clinical use.

Keywords: Recurrent pregnancy loss, Recurrent
implantation failure, Immunotherapy, Abortions

INTRODUCTION

Modern era in medicine has brought
about a significant improvement in the
fertility  potential of the  couple.
Pathbreaking discoveries and technologies
have made things possible that were only in

the realm of science fiction couple of
decades ago. In spite of these advances there
remains an area wherein not much has
changed. It is recurrent pregnancy losses
and implantation failures post In Vitro
Fertilization Embryo-Transfer (IVF-ET).
These failures and losses are extremely
traumatic to the patients as well as to the
clinicians treating them. Various therapies
have been tried to mitigate this problem and
lot is being experimented.

Miscarriage is defined as the
spontaneous loss of pregnancy before the
foetus reaches viability. The term therefore
includes all pregnancy losses from the time
of conception until 24 weeks of gestation.™
In 1990, Sirrat stated that “commonly
accepted definition of recurrent miscarriage
is three or more consecutive miscarriages.”
) From then on, various societies have
debated on the most acceptable definition.
There has been a gradual shift from three or
more consecutive losses to only two non-
consecutive losses. American Society of
Reproductive Medicine describes two non-
consecutive  documented  miscarriages
whereas Royal College of Obstetrics and
Gynaecology states three consecutive losses
before the period of viability.!

Causes of recurrent pregnancy loss

The overall per cycle conception rate
was 40% over the first 12 months. The rate
of clinical pregnancy was  30%.
Approximately one third of all the
conceptions detected by urinary hCG assay
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failed to survive to delivery. More than two
thirds of these losses occurred before the
pregnancy had been clinically recognized.
Several risk factors have been linked
with Recurrent Miscarriages (RM); the most
studied are genetic disorders,
congenital or acquired alterations in the
uterine  anatomy, hormonal  diseases,
obesity and antiphospholipid syndrome.
Other causes of RM are immunological
disorders (auto and alloimmune), hereditary

thrombophilia, infection, environmental
factors and causes related to male
factors, or a combination of these

factors.”) Almost 50% of cases remain
unexplained and the treatment for
alloimmune causes unclear. So
immunotherapy has been proposed in the
treatment  of  unexplained  recurrent
pregnancy loss (RPL).

Immunology of pregnancy

Disturbed immune balance at the
maternal-fetal interface has been postulated
as one of the most important causes of RPL
and IVF outcomes. Elevated Natural Killer
(NK) activity in peripheral blood or in the
intrauterine  environment,  dysregulated
cytokines, antiphospholipid antibodies and
other antibodies, imbalanced T helper (Th)
1 and Th2 cell reaction, elevated Th1/Th2
cell ratio and the sharing of human
leukocyte antigen alleles between the couple
are important factors."”’

For this maternal-fetal interface to
adapt optimally certain changes take place.
The maternal cytotoxic adaptive immune
response is diminished while the regulatory
adaptive immunity is enhanced. The innate
immunity remains intact to protect against
infections and interact with fetal tissue and
to promote successful  implantation,
placentation and pregnancy.

HLA plays a crucial role in this. An
abnormally formed blastocyst exposes the
paternally derived antigens and invites
rejection via humoral factors and uterine
NK cells. Altered expressions of HLA in the
form of HLA-E, HLA-F and HLA-G have a
protective effect against the immune

response from T cells, macrophages and
uterine NK cells. B7H1 protein expressed
on syncytiotrophoblast, indoleamine 2,3
dioxygenase  (IDO)  which  depletes
tryptophan, have an effect on suppressing
and inactivating T cells. Placenta produces

progesterone, prostaglandins E2 and
cytokines such as interleukin-10 and
interleukin-4, all of which are anti-
inflammatory.  Soluble thymic stromal
lymphopoietin  (TSLP) is secreted by
trophoblasts and  stimulates  decidual
dendritic cells to produce IL-10 and

chemokine (C-C motif) ligand 17 (CCL17)
which induces T-helper cell differentiation.
Lower levels of TSLP have been found in
patients suffering from RPL.

Immunotherapy in RPL
Allogenic Lymphocyte Immunization
International literature has been
debating the efficacy and success of
Allogenic Lymphocyte Immunization. The
first double-blind, randomized study was
published by Mowbray et al. in 1985. [
Since then, there have been many ups and
downs and controversies about this therapy.
After numerous RCTSs, the first metanalysis
was published in 1992, by Fraser et al., who
did not detect an improvement in the rate of
live births in treated patients."
Subsequently, in 1994, The
Recurrent  Miscarriage  Immunotherapy
Trialist Group published the results of their
meta-analysis, which was a multi-center

trial. The group concluded that
immunotherapy with lymphocytes
improved the rate of live births in

patients with the history of RM (three or
more consecutive miscarriages), with no
more than one live birth with any partner
[odds ratio (OR) 1.16, confidence interval
(CI) 1.04-1.34], or no more than one live
birth with the current partner (OR 1.21, CI
1.04-1.37). They observed worsening rates
in patients with autoimmune disorders."’

In 2014, Cochrane database in their
update to the 2001 meta-analysis concluded
that the treatment effect on the live birth rate
was not significant, with OR of 1.22 and Cl
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of 0.89-1.69. They further said that there
was no improvement in the rate of live
births observed when assessing the use of
immunotherapy  with  unrelated donor
lymphocytes, with OR of 1.39 and CI of
0.68-2.82."""  This meta-analysis was
criticized for inclusion of results by Ober et
al., which had negated the positive claims of
all others. The Ober trial was criticized on
many aspects like storage of blood for
several hours before preparation, lack of
post-immunization control of
immunomodulation, different routes of
administration of immunotherapy, etc. The
results were subsequently withdrawn by
them.

Liu et al. published a new meta-
analysis in the American Journal of
Reproductive Immunology aiming to correct
all the flaws and criticisms of Cochrane
meta-analysis. They demonstrated that
immunization with lymphocytes promoted
a significant improvement in the rate of live
births: 77.8% in the group of treated
women, when compared with the rate of
46.1% in the control group, with OR of 4.02
and ClI of 3.23-5.00. On analysis of the
subgroups of patients based on which
protocol of immunization with lymphocytes
was used, they concluded that when
immunization  with  lymphocytes  was
performed before and during pregnancy, the
results were better. And observed that the
results were better when the concentration
of lymphocytes used was lower than 100 x
10° per application (OR 5.25, Cl 4.16-6.64),
when compared with a concentration greater
than 100 x 10° per application (OR 1.52, CI
1.04-2.22).

Corticosteroid Therapy

Glucocorticoids are known to have
anti-inflammatory properties and therefore
have been used for treating autoimmune
disorders like systemic lupus erythematosus
and antiphospholipid antibody syndrome.
They have also been tried in treating
pregnancy losses due to it. Presence of
glucocorticoid receptors on NK cells has
made immunotherapy look more promising.

A study by Quenby et al. demonstrated that
prednisolone effectively reduces NK cells at
the level of endometrium from 14 to 9%.™*

Tang et al. reported a higher birth
rate (12/20) in prednisolone treated patients
vis-a-vis placebo (8/20), but did not reach
statistical significance.'””’ Gomaa et al.
found a higher on-going pregnancy rate
(52/74) in those treated with prednisolone
with low-dose aspirin and unfractionated
heparin as against those with only low-dose
aspirin and unfractionated heparin.™

A meta-analysis in 2015 by Dan et
al. concluded that prednisolone therapy
improves pregnancy outcomes in women
with idiopathic RM (live birth rate: RR
158, 95% ClI 1.23-2.02; successful
pregnancy outcome: RR 7.63, 95% CI 3.71-
15.69; miscarriage rate: RR 0.42, 95% CI
0.28-0.61). Their meta-analysis revealed a
non-significant effect of prednisolone on
pregnancy outcome during intracytoplasmic
sperm injection (ICSI) cycles (pregnancy
rate: RR 1.02, 95% CI 0.84-1.24; clinical
pregnancy rate: RR 1.01, 95% CI 0.82-1.24;
implantation rate: RR 1.04, 95% CI 0.85-
1.28).°! This again shows conclusively the
positive effect of prednisolone therapy in
patients with recurrent miscarriages but
maybe not so in ICSI cycles.

Cooper et al. in 2019, carried out a
retrospective cohort study of the effect of
prednisolone on endometrial uterine NK cell
concentrations and pregnancy outcome in
women with reproductive failure. This study
showed a relatively high prevalence of
raised uNK cells in women with recurrent
reproductive failure and confirmed the
effect of prednisolone on reducing the uNK
cell concentrations. They found however no
evidence for a significant beneficial effect
for prednisolone therapy on pregnancy
outcomes. This is definitely a ray of hope in
the right direction but needs more studies to
confirm the findings."*"’

A triple therapy consisting of
aspirin, prednisone and  multivitamin
showed that the rate of successful pregnancy
was similar between the triple therapy
(89.6%) and control (92.3%) groups
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(P=0.343). The rate of successful treatment
was higher in the triple therapy (86.3%)
than in the control (53.3%) group
(P<0.001). In  multivariate  logistic
regression analysis, triple therapy was
associated with higher odds of successful
treatment, whereas the number of
spontaneous  pregnancy  losses  was
associated with lower odds of successful
treatment. They thus concluded that the
triple therapy of aspirin, prednisone, and
multivitamin was a good treatment option
for women with unexplained recurrent
spontaneous abortions.™"

So, currently there are studies which
show that corticosteroids do have an effect
on reducing the NK cell concentration that
is raised in recurrent miscarriage patients.
But treatment offers a doubtful increase in
the live birth rate although it reduces the
concentration of the NK cells. More RCTs
and variations in the dose and duration of
treatment may yield favorable results in the
near future.

Intravenous Immunoglobulin (IVIG)

Intravenous  immunoglobulin s
prepared by extracting IgG fractions from
normal blood plasma of blood donors as
well as trace amounts of IgA and IgM. In
the late 1980s, passive immunization with
intravenous immunoglobulin (IVIG) was
used to treat RSA, and was reported to have
beneficial ~ effects.  The  underlying
mechanism might be associated with
neutralization of autoantibodies in the
circulatory system, inhibition of natural
killer cell, attenuation of complement-
mediated cytotoxicity and release of
regulatory T lymphocytes.™”

Coulam et al. in 1995 reported a
significant higher birth rate in treated
patients'"®’, but later an Italian multicentre
trial reported no difference among primary
recurrent miscarriages treated with IVIG
(16/22) (68%) vs, placebo (19/24)./"

Later, there were multiple studies
which reported a significant benefit of
treatment in secondary recurrent pregnancy
losses but not in primary. These trials were

conducted by  Stephenson et al,
Christiansen et al. and systematic review by
Hutton et al./****]

Meta-analysis conducted by Wang et
al. of 11 studies showed that the difference
in the live birth rate between the IVIG
treatment and placebo groups was on the
margin of significance (RR=1.25, 95% ClI
1.00 to 1.56, P=0.05). Both cumulative and
trial sequential meta-analyses indicated
potential beneficial effect of IVIG but the
evidence was inconclusive. Subgroup
analysis showed that the live birth rate in
primary (RR=0.88, 95% CI 0.71 to 1.07)
and secondary (RR=1.26, 95% CI 0.99 to
1.61) RSA patients was not significantly
different between the IVIG and placebo
groups. Live birth rate was significantly
different when IVIG was administered
before conception (RR=1.67, 95% CI 1.30
to 2.14,P<0.0001) but not after implantation
(RR=1.10, 95% CI 0.93 to 1.29)./*"!

Thus, presently there is evidence
which points towards some beneficial effect
with IVIG, more clearly for secondary RPL.
But it needs more trials and evidence for
confirmation.

Intralipid

Intravenous intralipid (IVI), a fat-
based emulsion of soybean oil, glycerine,
phospholipids, egg, and poly unsaturated
fatty acids, has been evaluated as a potential
intervention to suppress the maternal
immunological response, by reducing
monocyte endothelial adhesion and pro-
inflammatory cytokine generation. Although
the exact mechanism remains unclear,
several studies support its role in
downregulating the uNK cell macrophages
pro-inflammator}/ mediators especially T1
helper cells.”>**! This seems to be mediated
by the interaction between the intralipid
fatty acids of and the uNK cell peroxisome
proliferator-activated ~ receptors  which
decrease UNK cytotoxicity through reduced
secretion of interferon-y, demonstrated both
in vivo and in vitro.*"#!

Rimmer et al. conducted a
systematic review and meta-analysis to
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evaluate the effectiveness of IVI in
improving pregnancy rates in women with
history of recurrent implantation failure
(RIF). All trials used 20% IVI solution at
the time of embryo transfer compared to
normal saline infusion or no intervention
(routine care). The IVI group had a higher
chance of clinical pregnancy (172 vs 119,
risk ratio [RR] 1.55, 95% confidence
interval [CI] 1.16-2.07, 1? 44.2%) and live
birth (132 vs 73, RR 1.83, 95% CI 1.42—
2.35, 12 0%) post treatment compared to no
intervention. They concluded that there is
limited evidence to support the use of 1VI at
the time of embryo transfer in women with
the history of RIF.*”

Canella et al. carried out a review of
all the studies from 2008 to 2020 that used
Lipid emulsion therapy (LET) for treating
RPL and RIF. They observed that sixty per
cent of the reviewed studies obtained
satisfactory results demonstrating that LET
contributed to decreasing NK cell activity in
patients with RPL and RIF. Twenty per cent
mentioned that they achieved satisfactory
and significant results with the LET,
although the data for NK cell activity were
not addressed in the results and discussion,
that would have been interesting to confirm
whether there had been a significant
reduction of those cells. Twenty per cent
did not obtain satisfactory results with
LET.FY!

These studies emphasize that
although there is a lot of promise,
substantial and conclusive evidence is yet
not available to prescribe the therapy with
complete confidence.

Tumor Necrosis Factor Alpha (TNF-a)
Inhibitors

TNF controls cyclooxygenases that
affect blastocyst implantation, vascular
permeability of the endometrium and
uterine deciduation.”" High levels of TNF-
o have been implicated in such pregnancy
complications as infection and fetal growth
retardation and have been linked to early
and unexplained spontaneous abortions.
3233 50, potentially drugs that block TNF-

o, would have a positive beneficial effect in
treatment.

El-Far et al. reported a fall in the
percentage of [CD3+ CD56+ NK T cells]
and TNF-a in peripheral blood in patients
with recurrent miscarriage after treatment
with sildenafil citrate. They demonstrated
that intravaginal sildenafil citrate tablets can
reduce vasoconstriction by increasing blood
flow through relaxation of uterine arteries as
indicated from measured Pl in these
patients. They concluded that intravaginal
sildenafil  citrate  tablets used as
suppositories might be a novel, interesting,
safe anti-abortive option in the treatment of
threatened miscarriage in patients with a
history of recurrent miscarriage.™"

Seventy-five pregnancies in patients
with a history of RSA were retrospectively
evaluated by Winger et al. The population
was divided into three groups: group I: 21
patients treated with AC (anticoagulants),
group Il: 37 patients treated with AC and
IVIG, and group Il1: 17 patients treated with
AC, IVIG and the TNF inhibitor Etanercept
or Adalimumab. The live birth rate was 19%
(421) in group I, 54% (20737) in group II
and 71% (12/17) in group III. There was
significant improvement in pregnancy
outcome in group Il versus group |
(P=0.0127) and in group Il versus group |
(P=0.0026). The live birth rate in group IlI
compared to group Il was not significantly
different (P=0.3723). In women with RSA,
addition of IVIG or a TNF-a inhibitor with
IVIG to the AC regimen appears to improve
live birth rates compared to treatment with
anticoagulation or IVIG with
anticoagulation alone.

Sildenafil enhances activity of nitric
oxide which induces proinflammatory
cytokines including TNF-o. It is a potent
activator of NK cells. Ohams et al.
investigated the influence of sildenafil and
etanercept on the level of TNF-a in women
with recurrent miscarriages. Patients treated
with sildenafil had a higher level of TNF-a
after therapy, whereas those with etanercept
showed a statistically significant decrease in
the levels.” This clearly shows that the
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levels of TNF-o can be modulated with
drugs which can have a beneficial effect on
pregnancy continuation. More trials in this
direction would prove to be beneficial.

Granulocyte-Colony Stimulating Factor
(G-CSF)

Granulocyte colony-stimulating
factor (G-CSF) is a hematopoietic-specific
cytokine produced by bone marrow cells,
stromal cells, fibroblasts, and macrophages,
although several nonhematopoietic cell
types, such as endothelial cells, placental
cells, trophoblasts and granulosa-lutein
cells, also express G-CSF receptors. G-CSF
plays a role in embryo implantation and the
continuation of pregnancy by temporarily
suppressing immune response through its
effects on lymphocytes, macrophages and T
helper-2 cells.*"!

A randomised controlled trial with
G-CSF or placebo was conducted by
Scarpellini and Sbracia in sixty-eight
women with unexplained primary RM, all
with at least four consecutive miscarriages.
Patients were randomized for s.c. treatment
with G-CSF (n=35) (1 microg/kg/day)
starting on the sixth day after ovulation, or
with placebo (n = 33). Results in the group
treated with G-CSF, 29 out of 35 (82.8%)
women delivered a healthy baby, whereas in
the placebo group, this figure was only 16
out of 33 (48.5%) (P = 0.0061, OR = 5.1;
95% CI 1.5-18.4). Significantly higher beta-
hCG levels were found in gestation weeks
5-9 in women treated with G-CSF versus
placebo (P < 0.001).""

Santjohanser et al.  performed a
retrospective  cohort study in patients
undergoing assisted reproductive treatment
(ART) with known RM analysing the
possible benefits of G-CSF. 127
patients (199 cycles) with RM (at least
2 early miscarriages) 49 (72 cycles)
receiving G-CSF and 78 (127 cycles)
controls receiving either no medication
(subgroup 1) or Cortisone, intravenous
immunoglobulins or low molecular weight
heparin (subgroup 2). The LBR of patients
and the subgroups differed significantly

(G-CSF 32 %, subgroup 1 13 %, subgroup 2
14 %)%

Another study by Boxer et al.,

identified 224 pregnancy events in women
diagnosed with chronic neutropenia and
identified a decrease in abortion rates with
no adverse side effects. !
A randomized, double-blind, placebo
controlled clinical trial involving 150
women with a history of unexplained
recurrent pregnancy loss was conducted at
21 sites by Eapen et al., co-ordinated by
University of Birmingham. Recombinant
human G-CSF administered in the first
trimester of pregnancy did not improve
outcomes among women with a history of
unexplained recurrent pregnancy loss.!*’

After looking at all these studies and
their conflicting data, benefit of G-CSF
remains doubtful and it should not be
routinely used outside research trials.

DISCUSSION

Recurrent pregnancy losses and
implantation failures post IVF are very
bothersome and traumatic both to the patient
couple as well as to the treating physician.
Moreover, the treatment involved is very
expensive. Some of the therapies being
offered are experimental in nature. The data
that is available is conflicting and hence
does not give a clear-cut direction to the
treating physician. Sometimes, as the couple
is under extreme duress, these therapies are
prescribed without proper counselling and
justification, adding to the cost of the
treatment. This review has summarized all
the evidence that is currently available.

Allogenic Lymphocyte
Immunization offers hope for improving
live birth rates and data is reassuring. More
studies to arrive at exact dose and frequency
need to be carried out to strengthen the
evidence. Corticosteroids definitely
influence the NK cells which play a crucial
role in pregnancy failure. But data is lacking
that shows a conclusive benefit on
pregnancy outcome. Combination therapy
along with aspirin and multivitamins may
pave the way for definitive treatment in the
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future, and studies need to validate this.
Some benefit of IVIG treatment has been
definitely documented. Hence it can be used
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