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ABSTRACT 
Backgound: Over the past 15 years we have learned much about recurrent 
pregnancy loss (RPL) and recurrent implantation failure (RIF) in otherwise 
healthy women. These women repeatedly fail to achieve successful 
pregnancy even when high-grade embryos are produced following in vitro 
fertilization. We have performed a retrospective cohort analysis to determine 
whether a careful clinical history, specific laboratory testing and targeted 
treatment can achieve pregnancy success in these women.   
 

Methods: From 2007-2022, we collected data from 1,414 RPL/RIF patients 
who were evaluated according to the Beer treatment protocol. The Beer 
protocol uses a multivariate evaluation tool to identify immunological, 
metabolic and coagulation abnormalities that contribute to RPL and RIF. 
We examined 13 factors that may interfere with pregnancy, and we tailored 
our treatment to address these factors. 
 

Results: The mean patient age was 37.8 ± 4.9 years and the mean number 
of pregnancy failures was 4.0 ± 2.6. The pregnancy success rate with the 
Beer protocol was 70% overall and even higher when egg quality issues 
were eliminated. Women who were age matched and untreated served 
as historical controls, and their pregnancy success rate was 23%. The 
difference in pregnancy success between treated versus untreated women 
was significant (P=0.0001).  
 

Conclusion: The Beer treatment protocol for RPL/RIF was associated with 
significant pregnancy success in this cohort. Future approaches to improve 
pregnancy outcomes in women with RPL and RIF warrant investigation. 
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Introduction 
Recurrent pregnancy failure, which encompasses 
recurrent pregnancy loss (RPL) and recurrent 
implantation failure (RIF), has increased significantly 
in recent years. As women delay childbearing in 
Western societies, the increase in RPL/RIF mirrors 
increasing age in these women. By the time women 
reach the age of 45 years about three-quarters will 
miscarry.1 Although in vitro fertilization (IVF) has been 
proposed as a way to address this problem, the 
success rate with IVF in older women decreases, with 
live birth rates in the 10-20% range for women older 
than 40 years of age.2 RPL and RIF are really two sides 

of the same coin. Both problems occur in similar age 
groups with similar histories of pregnancy failure 
and similar immunological, metabolic and coagulation 
abnormalities, as described below.3-6 
 

This article provides a retrospective cohort analysis 
of RPL/RIF diagnosis and treatment based on the 
seminal work of Alan E. Beer, MD, founder of the 
Alan E. Beer Medical Center for Reproductive 
Immunology in Los Gatos, CA. Dr. Beer was a pioneer 
and an innovator up until his untimely death in 2006 
(Figure 1). The Beer protocol for RPL/RIF is outlined 
below. 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 1. Dr Alan E. Beer 
 
Background 
 

IMMUNOLOGICAL ABNORMALITIES 
Diagnostic testing has been developed for the most 
significant immunological abnormalities related to 
pregnancy, as shown in Table 1. These abnormalities 
include: (a) low leukocyte antibody levels; (b) high 
natural killer cell number and activity; (c) low 
regulatory T-cell numbers (T-reg cells); (d) high TH1/ 
TH2 cytokine ratios; and (e) various autoantibodies 
that are associated with recurrent pregnancy failure. 
These findings are based on a cohort of 1,414 patients 
with RPL/RIF who were screened at the Beer Center 
over 15 years. A majority of this cohort was found to 
have more than one abnormal test result (see Results).  

For leukocyte antibody detection, we measure 
maternal anti-lymphocyte antibodies to paternal HLA 
antigens. These are IgG antibodies directed against 
T cells and B cells, or so-called blocking antibodies  
that protect the fetus against the mother's immune 
system, and these antibodies are detected using 
flow cytometry.7-12 Maternal natural killer (NK) cells 
are extremely important in pregnancy, and there is 
a spectrum of normal numbers of CD56 NK cells 
and normal NK cell activity in successful pregnancy 
versus high numbers of CD56 NK cells and increased 
NK cell activity in pregnancy failure.13-20 
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Table 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As their name implies, T-reg cells are responsible 
for regulating the immune response and play a 
significant role in RPL/RIF.21-25 Winger and Reed noted 
that the pregnancy success rate was 80% with normal 
T-reg cells but the success rate dropped to 44% in 
women with low T-reg cells.26 Cytokines are immune 
factors that are also involved in regulating the immune 
response, including inflammation. The TH1/TH2 
cytokine balance is important for pregnancy success, 
with predominant TH1 cytokines associated with 
pregnancy failure and predominant TH2 cytokines 
associated with pregnancy success. Among TH1 
cytokines, an increased tumor necrosis factor (TNF) 
level is the most significant cytokine alteration 
associated with pregnancy failure. TNF is a pro-
inflammatory cytokine that naturally increases with 
age and pregnancy, and excess TNF production is 
associated with RPL/RIF.27-31 
 
METABOLIC ABNORMALITIES 
Metabolic abnormalities are important in RPL/RIF, 
including low thyroid function, low serum serotonin 
level and insulin resistance (Table 2). In terms of 
thyroid disease and pregnancy failure it is well 
known that the thyroid regulates both fertility and 
pregnancy outcomes.32,33 Serotonin is a key signaling 
molecule in embryogenesis and the hormone is 
involved in placental nutrient acquisition and 

metabolism.34-36 In terms of insulin resistance, women 
who have this metabolic problem have three times 
the number of miscarriages compared to women 
who do not.37-39 
 
COAGULATION ABNORMALITIES 
Coagulation abnormalities occur in women with gene 
mutations associated with inherited thrombophilia 
(Table 2). We routinely test for MTHFR, PAI-1, 
Factor XIII, Factor V Leiden and Prothrombin gene 
mutations. We consider both homozygous and 
heterozygous mutations to be significant according 
to the most recent literature showing that even 
heterozygous mutations play a role in RPL/RIF.40-42  
 
Anti-phospholipid antibodies (APA) are also 
associated with excess blood clotting. We measure 
three classes of these antibodies (IgG, IgA and IgM) 
and six types of APA (Figure 2). APA are associated 
with delayed formation of the syncytiotrophoblast, 
resulting in RPL and/or RIF. We consider any of these 
forms of APA to be significant, and it is important 
to go beyond the simple screening test for these 
antibodies and test for individual APA. Without this 
more granular testing, the presence of APA may be 
missed.43-45 
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Table 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 
 
Antinuclear antibodies and anti-DNA antibodies 
are useful markers of an overactive immune system 
that can interfere with pregnancy. Anti-ovarian 
antibodies are associated with egg quality issues, 
but the literature describing the significance of 
these antibodies is inconclusive. Although these 
autoantibodies are non-specific, their presence 

indicates that an immune problem is active and 
needs to be addressed. 
 
TREATMENT OPTIONS 
Treatment varies depending on the results discussed 
above. In general, there is overlap between 
treatments, and it is important for patients to 
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undergo each of the advised interventions to 
maximize treatment success. Failure to address any 
of these issues can result in pregnancy loss/failure 
and reduced efficacy, as described in the Results 
section.  
 

IMMUNOLOGICAL TREATMENT 
For the immunological problems there are several 
modalities that have been useful.7-12, 46-51 Lymphocyte 
immune therapy (LIT) has been used to address 
decreased leukocyte antibodies and increased 
natural killer cell number and activity. The proper 
treatment protocol is very important, so LIT has to 

be done with fresh paternal lymphocytes injected 
intradermally into the prospective mother's arm. 
There are other ways to do LIT that don't seem to work 
as well. The procedure itself is rather straightforward, 
and results are measured in terms of leukocyte 
antibody detection. An example is shown in Figure 
3. You may start with a maternal serum antibody 
level of 1-5% prior to LIT with the desired range for 
pregnancy of greater than 50%. After one round of 
LIT the level may go to 30-50% so almost there but 
not quite. After two rounds of LIT generally you get 
levels of 89-99% and that is optimal for pregnancy.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3 
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IVIG has been used for decades and it has a number 
of beneficial effects on the immune system.46-51 There 
is controversy concerning IVIG in terms of failed 
IVIG trials versus successful IVIG trials in RPL/RIF. 
Stricker and Winger51 reviewed these studies and 
found major differences in patient selection and 
treatment protocols (Figure 4). In the failed IVIG trials 
the patients were much younger (mean age 31.9 
years), the studies excluded women with 
immunological abnormalities, the initial IVIG 
treatment was done following conception, and the 
IVIG administration was done at non-physiologic 

intervals (usually every 1-2 weeks during pregnancy). 
In contrast, the successful IVIG trials were in older 
patients (mean age 36.4 years), women with 
immunological abnormalities were included (which 
makes sense because that is the target population), 
the initial IVIG treatment was done prior to 
conception, and IVIG administration was done at 
physiologic intervals during pregnancy (every 3-4 
weeks). Intralipid therapy has been proposed as an 
alternative to IVIG, but the evidence supporting 
intralipid therapy is inconsistent.52,53 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 
 
Dexamethasone has several benefits in RPL/RIF 
because it stabilizes the clotting system, suppresses 
natural killer cell function, increases T-reg cells and 
suppresses autoantibody production, so it is very 
useful in this situation.54,55 The reason that 
dexamethasone is preferred as opposed to 
prednisone is that it has less side effects in terms of 
fluid retention, hyperglycemia and hypertension. 
Dexamethasone also has a slightly longer half-life 
than prednisone, which is beneficial in this situation. 
 
Adalimumab is a fully human anti-tumor necrosis 
factor (TNF) monoclonal antibody that has a high 
affinity for TNF and a long half-life of 12 to 14 days, 

so it can be dosed every two weeks. The safety of 
anti-TNF therapy has been a concern but we use 
this treatment well before conception or embryo 
transfer to eliminate any fetal exposure to the drug. 
A short treatment course (usually over one month) 
avoids the risk of lymphoid malignancy that has been 
seen with chronic use of anti-TNF therapy. Although 
adalimumab therapy has been expensive in the 
past, the recent approval of adalimumab biosimilars 
(generic versions of the biologic product) has 
decreased the cost of this treatment.21,22 Other 
immune modulators such as hydroxychloroquine, 
tacrolimus and filgrastim have had mixed results in 
treating pregnancy failure.56,57 
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METABOLIC TREATMENT 
Metabolic treatments involve generic medications 
that are usually covered by insurance.32-39 For thyroid 
abnormalities we use thyroid hormone with 
immunosuppressive therapy if there are 
autoantibodies to the thyroid. The goal is to keep 
the thyroid stimulating hormone level at 1.5 or less. 
For low serum serotonin levels we use a selective 
serotonin uptake inhibitor (SSRI) to increase serotonin 
levels. Interestingly, a meta-analysis shows that SSRIs 
can decrease TNF levels. Although it is a minor 
decrease, no other antidepressants have a suppressive 
effect on TNF.36 For insulin resistance, metformin is 
the standard of care for women attempting pregnancy. 
Insulin resistance may be associated with polycystic 
ovarian syndrome (PCOS), and if PCOS is present, 
metformin therapy may be helpful to regulate 
menstrual cycles and support ovulation prior to 
conception.37-39 Progesterone is another hormonal 
treatment that is usually prescribed by a reproductive 
endocrinologist. 
 
ANTICOAGULATION TREATMENT 
For treatment of the thrombophilia gene mutations we 
use a standard approach of baby aspirin, enoxaparin 
and dexamethasone.58-60 Methylfolate is added for 
patients with the MTHFR mutation who tend to 
underutilize folic acid. Recent research demonstrates 
that methylfolate works better than folic acid for 
this purpose.61 For antiphospholipid antibodies we 
use the same backbone plus IVIG. Heparin and 
enoxaparin interestingly can improve implantation 
according to studies in the medical literature.62,63 For 
women with heparin intolerance including heparin-
induced thrombocytopenia, parenteral fondaparinux 
(a direct Factor Xa inhibitor) may be a safer alternative.64 
For direct oral anticoagulants (DOACs), the safety and 
efficacy are not well defined in pregnancy because 
published randomized controlled trials of these 
products have largely excluded pregnant women.65,66  
 

Methods 
A total of 1,414 RPL/RIF patients seen at the Alan E. 
Beer Medical Center for Reproductive Immunology 
were included in this retrospective cohort analysis. 

Immunological blood testing was performed at 
ReproSource Fertility Diagnostics Laboratory, 
Marlborough, MA. Routine coagulation and metabolic 
blood testing was performed through regional clinical 
laboratories. Blood work was performed prior to 
pregnancy and monthly thereafter as needed, and 
patients were followed throughout pregnancy. 
Data was collected from 2007 through 2022.  
 

All patient information was deidentified and 
maintained in strict confidence. Once deidentified, 
patient data was examined, cleaned, and analyzed 
using Microsoft Excel. Four groups were selected 
for analysis: (a) women with normal cytokines using 
their own eggs; (b) women with high cytokines using 
their own eggs; (c) women using donor eggs; and (d) 
women returning for a second baby in the program. 
Each group was compared to a No Treatment  
group using a Fisher s 2-Tailed Exact Test. The controls 
were age matched accordingly.67  
 

Results 
Our treatment results for the overall population 
screened at the Beer Center over 15 years is shown 
in Table 3. We had a total of 1,414 patients with an 
average age at conception of 37.8 years. The mean 
number of prior live births was very low (0.5) and 
mean number of pregnancy failures was 4.0 for 
women using their own eggs. We used a control 
group from the medical literature of women who were 
eligible for IVF which basically is this entire group, and 
the live-birth success rate with IVF alone was 23%.  
 

With the addition of baby aspirin and enoxaparin 
the pregnancy success rate went to 28%, which was 
not significantly better, but adding IVIG plus 
anticoagulation the rate went to 64%. When we add 
LIT plus IVIG plus anticoagulation we get a 70% 
success rate which was highly significant (P=0.0001). 
For women with high cytokine levels who were 
eligible for adalimumab treatment, the success rate 
improved not quite as much as patients without 
these high cytokines but we still manage to get rates 
of 56% with IVIG and 64% with LIT plus IVIG which 
were significantly better than controls (Table 4).  
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In women using donor eggs the age of conception 
was significantly older (43.6 years) and the mean 
number of prior live births was also very low (0.5). 
The mean number of pregnancy failures was very 
high (5.2). Again, the live-birth success rate with IVF 
alone was 23%. In women using donor eggs the 
success rate was 36% using baby aspirin and 
enoxaparin, and that rate went to 57% which is not 
quite significant. With IVIG plus anticoagulation the 
rate went to 69%, and adding LIT to IVIG and 
anticoagulation produced a 76% success rate in 
these older women, and that rate was a highly 
significant improvement (Table 5).  

One interesting group is women going for second 
babies in the program, and we had a number of 
those with an average age of 37.6 years. The mean 
number of prior live births was 1.2 and the mean 
number of prior pregnancy failures was 5.5. When 
we looked at this group again even with just baby 
aspirin and enoxaparin the success rate went to 70% 
in these women and then with IVIG to 74% and with 
LIT plus IVIG plus anticoagulation to 86 percent 
(Table 6). This group did very well with second 
pregnancies even with minimal treatment of their 
abnormalities. 
 

 

Table 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4 
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Table 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Discussion 
 

The classic view of immune balance in pregnancy 
involves the TH1 and TH2 type immune responses.68 
However, this model does not capture the true 
complexity of pregnancy, and a number of factors 
contributing to RPL/RIF have been identified in 
recent years.69 Based on this complexity, a diagnostic 
and treatment protocol must address a triad of issues 
including immunological, metabolic and coagulation 

abnormalities that contribute to RPL/RIF. The aim 
of this analysis was to determine the pregnancy 
success rate with implementation of the Beer 
treatment protocol. We found that the Beer protocol 
significantly improved the pregnancy success rate 
in our retrospective cohort study (Tables 4-6). 
 

With the increase in older women undergoing 
pregnancy, clinicians must be prepared to encounter 
RPL/RIF. Incorporating the principles of reproductive 
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immunology into standard obstetrical care will 
improve outcomes for these women. Unfortunately, 
access to specific treatments remains limited. For 
example, LIT is not approved by the Food and 
Drug Administration (FDA) so the treatment is not 
available in the USA. In failing to approve the 
treatment, the FDA relied on a study using poor 
technique. No subsequent LIT studies have been 
performed in the USA, although numerous studies 
in other countries have demonstrated the safety and 
efficacy of LIT. The FDA needs to approve LIT, which 
is available in Mexico, Canada, Brazil, England, 
Germany, Greece, India, China, the Philippines, 
Australia and even Iran, but not in the USA.  
 

Additionally, there is a significant cost burden 
associated with treatment of RPL/RIF for patients 
who may have already received multiple rounds of 
embryo retrievals and transfers through IVF clinics. 
IVIG remains quite expensive, and reliable insurance 
coverage would significantly reduce the financial 
burden of this treatment. Improved immunotherapy 
for natural killer cell activity would also be helpful. 
Oral anticoagulants could replace parenteral 
enoxaparin along the lines of milvexian, which is an 
oral enoxaparin equivalent but not approved for 
use in pregnancy.70 Finally, greater recognition and 
enhanced therapy of immunological factors in RPL/ 
RIF would benefit the many women who continue 
to struggle with pregnancy failure.  
 

Strengths and Limitations 
The strengths of this retrospective cohort analysis 
are related to the single-center study design, uniform 
testing protocol and targeted treatment approach 
for all patients. Limitations include use of a historical 
control group that may have differed from our patient 
population despite age matching, but the overall 
pregnancy success rate in our treated cohort (70%) 
was significantly better than historical controls (23%). 
The retrospective nature of the cohort study may 
have influenced outcome measures in terms of 
missed data, but the comprehensive follow-up of 
patients would have compensated for this problem. 
Although treatment was prescribed based on test 

results, not all patients adhered to the treatment 
protocols. The pregnancy success rate in our treated 
cohort was greatly improved, however, implying 
that results of the study are accurate. 
 

Conclusion 
In conclusion, recurrent pregnancy loss and recurring 
implantation failure are significant problems in older 
women attempting pregnancy. The Beer treatment 
protocol addresses immunological, metabolic and 
coagulation abnormalities associated with RPL and 
RIF. Treatment of these abnormalities is associated 
with a significant increase in pregnancy success. 
Further studies are needed to evaluate the diverse 
components of the Beer protocol. 
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