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Leukocyte immunotherapy improves live delivery rates
following embryo transfer in women with at least two
previous failures: A retrospective review
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Summary

Purpose: To determine whether leukocyte immunotherapy (LIT) could improve live delivery rate following embryo transfer (ET)
in women who were not successful in prior attempts.

Methods: Paternal leukocytes were intradermally injected in some women who had failed to have a successful pregnancy fol-
lowing at least two prior ETs approximately two weeks prior to fresh or frozen ET and repeated at the time of the 3rd rising serum
beta human chorionic gonadotropin level and at eight weeks if a pregnancy occurred. Clinical pregnancy and live pregnancy rates
(PRs) were compared to those women having ETs during the same time period not receiving LIT.

Results: Thirty-six of 94 (38.3%) patients receiving LIT (group 1) conceived following fresh or frozen ET vs 98 of 341 (28.7%)
for women not receiving LIT (group 2) (p = NS). The live delivery rate per ET cycle was 30.8% (39/94) vs 19.7% for group 2 (p
=.02). For the subset of women failing despite five previous ETs 17 of 37 (45.9%) group 1 women had a clinical pregnancy vs 18
of 64 (28.1%) group 2 women (p = .07%) and live delivery rates were 35.1% (13/37) vs 15.6% (10/64) (p = .024).

Conclusions: These retrospective data encourage a prospective study of LIT combined with progesterone vs controls receiving
progesterone only for recalcitrant patients having ETs.
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Introduction

Leukocyte immunotherapy (LIT) for recurrent spontaneous abortion (RSA) is quite controversial. Studies suggest-
ing that LIT reduces miscarriage rates go back to 1986-1990 [1-11]. Only one of these studies was randomized [1].
However, other controlled studies failed to find a significant reduction in miscarriage rates following LIT [12-15].

In fact, the Cochrane Database Systematic Review for immunotherapy for recurrent miscarriage reviewed 11 clinical
trials considered to be of high quality and did not show significant differences between treatment and control groups [16].

Properly designed trials included in the Cochrane analysis would only include studies that would assess the efficacy
of allogeneic LIT exclusively without any other concomitant therapy [15-17]. However, the possibility exists that some
studies failed to show any benefit of LIT because its efficacy is enhanced by some other factor which was eliminated
in efforts to retain purity of the study. For example, concomitant progesterone therapy has been excluded in the studies
comprising the Cochrane Database Systematic Review. There are data that one mechanism of how LIT may decrease
miscarriage rates is through the induction of progesterone induced immunomodulatory proteins, e.g., the progesterone
induced blocking factor (PIBF) [18]. There are data suggesting that this 34 kDa protein inhibits natural killer (NK) cell
activity [19]. Furthermore, PIBF may induce a shift from TH1 to TH2 cytokines [20, 21]. Data has been presented
showing a significantly higher percentage of ongoing pregnancies at the end of the first trimester in primary aborters
with recurrent miscarriages (3 or more) treated by the combination of leukocyte immunization and progesterone (P)
supplementation vs P supplementation alone [22].

There are some data suggesting that PIBF may be also involved in the implantation process [23]. We hypothesized
that some women who fail to have a live baby following the transfer of normal appearing embryos may be related to
immune rejection. Thus some women in our in vitro fertilization (IVF) program who failed to have a successful preg-
nancy following at least two embryo transfers (ET) at the Cooper Center for IVF were offered LIT on an empirical
basis prior to another transfer. The present study retrospectively evaluated IVF outcome according to whether LIT was
performed or not in these refractory couples.

Revised manuscript accepted for publication January 10, 2005

Clin. Exp. Obst. & Gyn. - 1ssN: 0390-6663
XXXII, n. 2, 2005



86 J.H. Check, J. Liss, M.L. Check, A. Diantonio, J.K. Choe, V. Graziano

Materials and Methods

No patients were offered LIT unless they had a minimum of two embryo transfers (ETs) at Cooper Center for IVF that failed to
produce a live delivery (irrespective of IVF attempts at other centers).

There was no age restriction nor any exclusion for increased early follicular phase serum follicle stimulating hormone (FSH) level.
There was no exclusion reason for IVF, i.e., tubal factor, male factor or, unexplained infertility. There was no exclusion for intra-
cytoplasmic sperm injection including sperm obtained from testes.

Methodology

Eight to ten 10 ml tubes of heparized blood were obtained from the male partner. No one using leukocytes from donors other than
the male partner was included. Male partners were excluded if pre-testing suggested a risk for infection with a disease to the female
partner or if immunologic testing suggested that the use of paternal lymphocytes might result in lymphocyte or platelet alloimmu-
nization.

The blood was diluted with normal saline. Diluted blood was layered over Isoprep and was centrifuged at ~200 RPM in a large
centrifuge for 30 minutes. The mononuclear cells form a distinct band at the interface between the sample layer and the lympho-
prep solution. The band of cells is best removed using a sterile pasteur pipette without distrubing the layers. Removed mononuclear
cells were now washed and resuspended in saline. A tuberculin syringe was then filled with 0.6 to 0.75 ml of the white cell sus-
pension and 0.15 ml injected intradermally until all white cell suspension was used. The patient received the LIT at the very begin-
ning of the menstrual cycle. If they conceived it was repeated with the third consecutive doubling of the beta-hCG level taken two
days apart and again at eight weeks.

Study Design: Retrospective Analysis

The study patients included all women who failed to have a live delivery after at least two prior IVF cycles from January 1, 1997
to June 31, 2001. Women who received immunotherapy were advised of the experimental nature of the procedure and advised that
we were not aware of a previous study demonstrating efficacy for IVF-ET. They were advised that from our personal experience
LIT was beneficial for women with recurrent abortions but it was controversial. Women who attempted multiple cycles with
immunotherapy were not excluded from the analysis or the subgroup analysis. Women informed of the option of LIT could decide
to have this treatment or not. Not all women were advised of the option depending on which physician did the consultation.

Treatment Protocols

For frozen ET, all women were treated with the same regimen: graduated oral estradiol 2-6 mg over 14 days followed by prog-
esterone vaginal suppositories 200 mg twice daily and progesterone in oil 100 mg daily. The progesterone therapy would be delayed
and the estrogen therapy increased by 2 mg orally or vaginally, if the mean endometrial thickness was < 8 mm on day 14. The
estrogen and progesterone therapy was continued during the first trimester if pregnancy occurred.

For fresh ET cycles, there were four controlled ovarian hyperstimulation regimens used: 1) luteal phase leuprolide started at the
mid-luteal phase with a dosage of 0.5 mg for ten days and was decreased to 0.25 mg if serum estradiol was less than 50 pg/ml and
the serum progesterone < 1.5 ng/ml. Gonadotropins (usually 225 TU FSH and 75 TU human menopausal gonadotropins) were usually
given for about ten days when 10,000 units of human chorionic gonadotropins were given (with 2 lead follicles at 20 mm); 2) stop
protocol — similar to luteal phase leuprolide except the 0.5 mg dosage was stopped after ten days and no more leuprolide was given;,
3) short flare protocol - follicular phase leuprolide — started at 0.5 mg on day 2 and gonadotropins starting day 5; and 4) microdose
flare — where the leuprolide dosage was diluted 1:20.

Statistical Analysis

Chi-square analysis was performed to compare clinical and delivered pregnancy rates according to the transfer cycle and for the
total of all cycles. Since at the Cooper Center the pregnancy rate per cycle is equal for fresh and frozen transfer no distinction was
made as to fresh or frozen ET.

Results

The clinical pregnancy rates and delivery rates were computed for patients undergoing their third or higher ET cycle.
Patients were stratified by whether or not they had LIT prior to that transfer. It is possible that a woman began LIT on
her fifth or sixth cycle. Some patients had LIT prior to the third transfer. The outcome according to whether LIT was
performed or not is shown in Table 1. If you compare the pregnancy rates for cycle 3, there is no difference in the clin-
ical pregnancy rate but the delivery rate is higher for the LIT group (p = .059). For all cycles combined, there is also
no difference in the clinical pregnancy rate but the delivery

rate is higher for LIT (p = .020). Table 1. — Pregnancy rates according to embryo transfer cycle
In cycle 3, there were 98 (51%) fresh transfers and 94 914 use or non-use of LIT.

frozen ETs (490%) in the untreated group, Compared to 13  Transfer No. LIT performed prior to transfer No LIT performed prior to transfer

(38.2%) fresh and 21 (61.8%) frozen ETs in the LIT group. (Clinical Deleed Slinical Delivered

Overall, of the 341 standard cycles there were 175 (51.3%) 3 38.2% (13/34) 32.3% (11/34) 25.0% (48/192) 18.2% (25/192)
fresh and 166 (48.7%) frozen ETs. In the LIT groups there * 26.1%(623) 21.1% (5/23) 31.1% (32/85) 25.9% (22/85)
were 52 (55.3%) fresh and 42 (44.7%) frozen ETs. The 2 452(')907070((94//281)) 3387‘15@(2//28])) 2}73‘53@(&1/1420)) %g%; gﬁg;
mean age for cycle 3 was 34.9 £ 4.2 and 35.1 £ 5.0, respec- 7 400% (215 200% (1/5)  25.0% (2/8) 0.0% (0/8)
tively. The mean number of embryos transferred was 3.5 + 8 66.7% (2/3)  333% (1/3)  25.0% (1/4) 0.0% (0/4)

1.1 in the non-LIT group and 3.8 + 1.3 in the LIT group. ~ Totals  38.3% (36/94) 30.8% (29/94) 28.7% (98/341) 19.7% (67/341)
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Discussion

In vitro fertilization is very expensive, labor intensive for both patient and physician, and is potentially risky espe-
cially for the development of ovarian hyperstimulation syndrome. Patients with multiple failures despite multiple trans-
fers of apparently normal embryos are frequently willing to try unproven but relatively non-risky modifications to the
procedure if there are at least theoretical benefits to the proposed therapy. These data suggest that LIT can improve the
likelihood of success following another ET in this refractory group. An extensive search of the English literature did
not show any previous publications pro or con about using LIT to improve outcome following IVF-ET.

Though the present study suggests that LIT improves outcome following ET at least in women who previously failed
to have a live delivery following ET, one has to be careful about conclusions reached from a retrospective study. Even
though there did not appear to be any significant confounding variables to explain the improvement in those treated vs
not treated by LIT one should still be cautious about the conclusions from a retrospective study. However, these data
should encourage a prospective study.

There have been many theories of how leukocyte injection may decrease miscarriage rates (at least by those research
centers finding positive results) [2, 6, 11, 23-26]. The theory that LIT may act by inducing P receptors in gamma/delta
T cells through allogeneic stimulation, possibly with certain HLA antigens, e.g., HLA-G or HLA-E, was only presented
to explain why in our studies we have combined aggressive P therapy with leukocyte immunization [28-32]. The
hypothesis continues that these P receptors on the gamma/delta T cells when exposed to very high concentrations of P
(which may possibly only be achieved at the maternal/fetal interface) causes these cells to secrete PIBF [18-20, 33,
34]. This immunomodulatory protein, in turn, inhibits the cytolytic activity of NK cells [19, 20]. The data presented is
consistent with but does not provide evidence that supports this hypothesis. These data merely show that LIT may
improve the likelihood of a successful pregnancy following fresh or frozen ET in women who failed to have a success
following at least two previous embryo transfers.

Not only should a prospective study of LIT include supplemental P administration, but the study should be careful
to use fresh leukocytes rather than ones stored overnight and refrigerated. The only study that suggested a harmful
effect of LIT was that by Ober ef al. [15] and that was one of the few human studies using paternal leukocytes that
had been stored overnight at 1-6°C rather than fresh leukocytes. It was the Ober study, that made the difference between
the meta-analysis published in 1994 showing a benefit of LIT in preventing miscarriages [17] and the opposite con-
clusion reached by the Cochrane Database Systematic Review of 2003 which found no benefit [16]. Furthermore, it
was the Ober study that influenced the United States FDA to disallow LIT without a new drug approval. The use of
refrigerated leukocytes for pre-pregnancy immunization was one of several concerns expressed by Carp and Toder who
were asked to provide commentary on the manuscript by Ober et al. [35].

Though only a small percentage of women used donor leukocytes, they were eliminated from the study for purposes
of uniformity. Use of male partner’s leukocytes is healthier from an infectious standpoint, but theoretically may be less
efficacious than donor leukocytes.

For this retrospective study, all cycles from women having more than two previous ETs without success were included.
Thus the same women could be used more than once. A woman could be counted in both groups if for example she failed
to conceive without LIT on cycle 4 and then could have received LIT in cycle 5. There were 37 women included in this
study whose outcome of their first ET cycle after LIT was compared to that of 37 matched controls (also included in this
retrospective study) at the 2003 Pacific Coast Fertility Society Meeting [36]. The matched control study evaluating the
first cycle of LIT not only showed a significantly better outcome in the LIT treated group vs. controls, but the magnitude
of improvement was even greater when evaluating only first cycles in the subgroup [36].

Whenever there was frozen or fresh ET the women were aggressively treated with progesterone supplementation. The
use of progesterone could explain why LIT was successful for recalcitrant patients having failed IVF-ET versus those
studies failing to show any benefit of LIT for recurrent miscarriage [12-15, 37, 38]. It should be noted that in one ran-
domized control study when one group was treated with P only and the other with LIT and P, significantly higher live
delivery rates were obtained in the group treated with LIT and P [22]. Hopefully, these data will stimulate interest in re-
evaluating the efficacy of LIT for recurrent miscarriage but to include a group with LIT and P therapy. Since most IVF
centers use P in the luteal phase, a prospective study would merely have two treatment arms: LIT or not LIT (or possibly
placebo LIT). Such a study could be performed by even one IVF center performing a lot of yearly IVF cycles. However,
since P supplementation is not universally prescribed for those with recurrent miscarriages, a prospective study may
require four treatment arms (progesterone and LIT, placebo P and real LIT, P and placebo LIT, and placebo P and placebo
LIT). A prospective study with four treatment arms would probably require multi-center cooperation.
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