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low total lymphocyte count
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Introduction: Anti-Thymocyte Globulin (ATG) is a cornerstone in immune
suppression for solid organ transplantation. The treatment is a delicate balance
between complications arising from over-immunosuppression such as infections
and cancer versus rejection stemming from under-immunosuppression. CD3* T-
lymphocyte measurements are frequently employed for treatment monitoring.
However, this analysis is costly and not always accessible. The aim of this study
was to investigate whether the total count of lymphocytes could replace CD3* T-
lymphocyte measurements based on data from our transplantation center combined
with a review of the literature. The hypothesis was that the total lymphocyte count
could serve as a diagnostic surrogate marker for CD3* T-lymphocytes.

Methods: A retrospective cohort study was conducted, including patients who
underwent kidney and/or a pancreas transplantation and received ATG as
induction therapy or for rejection treatment. The inclusion criterium was that
the total lymphocyte count and CD3* T-lymphocyte measurements were
measured simultaneously on the same day. Additionally, PubMed and Embase
were searched up to 18/10/2023 for published studies on solid organ
transplantation, ATG, T-lymphocytes, lymphocyte count, and monitoring. In
the retrospective cohort study, a total of 91 patients transplanted between
2016 and 2023, with 487 samples, were included.

Results: Total lymphocyte counts below 0.3 x 10%/L had a high sensitivity (86%) as
a surrogate marker of CD3% T-lymphocytes below 0.05 x 10°/L, but the
specificity was low (52%) for total lymphocyte counts above 0.3 x 10°/L as a
surrogate marker for CD3* T-lymphocytes above 0.05 x 10°/L. A review of the
literature identified seven studies comparing total lymphocyte counts and CD3™"
T-lymphocytes in ATG monitoring. These studies supported the use of a low total
lymphocyte count as a surrogate marker for CD3* T-lymphocytes and an
indicator to omit ATG treatment. However, there was no consensus regarding
high total lymphocyte counts as an indicator for continued treatment.
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Discussion: Results supports that the total lymphocyte count can be used to omit
ATG treatment when below 0.3 x 10°/L whereas the CD3" T-lymphocyte analysis
should be reserved for higher total lymphocyte counts to avoid

ATG overtreatment.

KEYWORDS

anti-thymocyte globuline, ATG, transplantation, T-lymphocytes, lymphocytes,
monitoring, kidney, pancreas

1 Introduction

Anti-Thymocyte Globulin (ATG) is a purified immunoglobulin
(Ig) G antibody produced in rabbits or horses after immunization
with human thymus cells (1). ATG functions as a T-lymphocyte
depletor with affinity for various lymphocyte receptors, reducing the
number of circulating lymphocytes through complement-
dependent lysis, T-cell apoptosis, and opsonization (2). One of the
primary uses of ATG is to suppress the immune system during
transplantation to prevent rejection or to treat severe acute rejection.
The treatment is a delicate balance between complications arising
from over-immunosuppression, such as infections and cancer,
versus rejection stemming from under-immunosuppression.
Additionally, ATG treatment can cause life-threatening cytokine-
release syndrome (3). Therefore, it has been recommended that
ATG dosing is tailored to the individual patient by measurements of
CD3" T-lymphocytes (4-6).

In our transplantation center, ATG is administered as an
induction therapy for high-risk immunological patients undergoing
kidney transplantation, for all simultaneous kidney-pancreas
transplantations and pancreas-after-kidney transplantation, and in
some cases of rejection treatment of kidney transplant recipients.
Currently, ATG dosage adjustment relies on the measurement of
CD3" T-lymphocytesa using flowcytometry. When CD3" T-
lymphocyte counts fall below 0.05 x 10°/L, ATG treatment is
paused. This approach is supported by strong evidence from
consistent reports, indicating that CD3" T-lymphocyte counts
below 0.02-0.05 x 10°/L are sufficient to protect against rejection
(7-10), and individual monitoring can help prevent infections and
over treatment (4-6, 11, 12). However, in many clinical settings,
CD3" T-lymphocyte measurements by flowcytometry are typically
performed only during weekday daytime hours in specialized
laboratories. Outside of these hours, the simpler, more feasible,
and cost-effective leukocyte and differential count is used, with a
threshold of < 0.3 x 10°/L total lymphocytes to determine when to
pause treatment.

The aim of this study was to investigate whether the easily
accessible and cost-effective measurement of total lymphocyte
count could replace CD3" T-lymphocyte measurements in the
therapeutic monitoring of ATG based on retrospective data
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spanning a seven-year period at our transplantation center. The
findings were combined with a review of the current literature to
evaluate and optimize procedures and recommendations for dosing
ATG treatment in solid organ transplantation. The hypothesis was
that total lymphocyte counts below 0.3 x 10°/L would have a high
predictive value for CD3* T-lymphocyte counts below 0.05 x 10°/L,
which would trigger the pausing of ATG treatment. Additionally, it
was hypothesized that total lymphocyte counts above 0.3 x 10°/L,
would be a good predictor of CD3" T-lymphocyte levels above 0.05
x 10°/L, leading to the continuation of ATG treatment. A systematic
review of the literature was conducted in parallel.

2 Materials and methods
2.1 Retrospective cohort study

The retrospective study cohort consisted of patients who
underwent kidney transplantation, simultaneous kidney-pancreas
transplantation, and pancreas-after-kidney transplantation at
Copenhagen University Hospital - Rigshospitalet, Copenhagen.
The inclusion criteria were patients who received ATG as
induction (prophylactic) therapy, or patients where ATG was
used to treat rejection episodes during the period from March 11,
2015, to September 1, 2023. Patients were excluded if simultaneous
measurements of CD3" T-lymphocytes and total lymphocyte
counts were not available during the ATG treatment period.

2.1.1 Total lymphocyte counts and CD3*
T-lymphocytes

The total lymphocyte count was measured as part of an
automated total leukocyte count, which includes a group count
covering lymphocytes, monocytes, neutrophils, eosinophils, and
basophils, at the Department of Biochemistry, Copenhagen
University Hospital - Rigshospitalet.

The concentration of CD3" T-lymphocytes was measured using
flowcytometry as part of a volumetric identification analysis. This
analysis includes testing for CD45, CD3, CD4, and CDS8
subpopulations in one tube, and CD45, CD19, CD16, and CD56
in another tube, using an AQUIOS instrument (Beckman Coulter)
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at the Department of Clinical Immunology, Copenhagen University
Hospital - Rigshospitalet. Both the total lymphocyte count and the
flow cytometry measurements of lymphocyte subpopulations are
accredited analyses according to ISO 15189 standards.

2.1.2 Data sources
Clinical data and laboratory data were extracted from the
clinical patient record and associated laboratory systems.

2.1.3 Statistical analyses

Statistical analyses were conducted using IBM SPSS Statistics 22
and RStudio. The distribution of total lymphocyte counts and CD3"
T-lymphocytes were left-skewed. Therefore, Spearman correlations
were employed to assess associations between these variables. CD3"
T-lymphocytes below 0.05 x 10°/L served as the true value/golden
standard for discontinuation of ATG treatment, while a total
lymphocyte count <0.3 x 10°/L was considered a diagnostic
surrogate marker, encompassing true positives, false positives,
false negatives, and true negatives. Sensitivity, specificity, positive
predictive values, and negative predictive values were calculated
based on this categorization within a 2x2 confusion matrix.
Additionally, a Receiver Operating Characteristic (ROC) curve
was generated to determine the statistical optimal threshold of the
total lymphocyte count for distinguishing between CD3" T-
lymphocyte counts below or above 0.05 x 10°/L. The Youden
index, J, was utilized to identify the most optimal threshold,
calculated as J = (true positives)/(true positives + false negatives)
+ (true negatives)/(true negatives + false positives) - 1.

2.1.4 Ethical considerations

The study was approved by the secretariat for the local scientific
ethical committee, Center for Health, Capital Region, Denmark (R-
23050332 and J-23056078), which serves as the local Danish patient
safety authority, and the local Danish data protection authority (p-
2023-14569).

2.2 Systematic review

A review was conducted in adherence with the recommendations
in the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (13, 14) summarized in
Supplementary Table 1.

The review included studies of patients treated with ATG
(intervention) in relation to solid organ transplantation or
treatment of a rejection episode after solid organ transplantation,
and where CD3" T-lymphocytes were compared with total
lymphocyte counts in monitoring of the ATG treatment.
Exclusion criteria were animal studies, transplantation studies
without ATG treatment, and conference abstracts. National
Library of Medicine Database and Embase were searched up to
18/10/2023. Subject headings and text words were used with related
terms for “Transplantation”, “CD3" T-lymphocytes”, “Total
lymphocyte count”, “monitoring”, and “ATG” (Supplementary
Tables 2, 3). COVIDENCE (https://www.covidence.org/) was used
to screen studies and to decide on inclusion/exclusion.

Frontiers in Immunology

10.3389/fimmu.2024.1419726

3 Results
3.1 Retrospective cohort study

In the period from March 11, 2015, to September 1, 2023, we
identified 58 kidney transplantations, 42 simultaneous kidney-
pancreas transplantations, and three pancreas-after-kidney
transplantations receiving ATG induction/prophylactic therapy,
totaling 103 patients. Additionally, 18 kidney transplant patients
were treated with ATG due to rejection. Thirty patients were
excluded because simultaneous measurements of total
lymphocytes counts and CD3" T-lymphocyte counts were not
available. This left us with 91 patients for study, with a median of
4 simultaneous measurements (range 1-12), totaling 487
simultaneous measurements of total lymphocyte counts and
CD3" T-lymphocyte counts. The distribution of these
simultaneous measurements is shown in Figure 1, with an
overweight of measurements showing low levels of CD3" T-
lymphocytes and total lymphocyte counts, as expected. A
moderate Spearman correlation was found between CD3" T-
lymphocytes and total lymphocyte count: Rg = 0.521, N = 487,
p < 0.001.

The data were divided into groups based on total lymphocyte
counts < 0.3 x 10°/L and > 0.3 x 10°/L versus CD3" T-lymphocytes
< 0.05 x 10°/L and > 0.05 x 10°/L (Table 1). With these thresholds,
total lymphocyte counts less than 0.3 x 10°/L had a sensitivity of
85% and a positive predictive value of 84% as a surrogate marker of
CD3* T-lymphocytes < 0.05 x 10°/L. However, a total lymphocyte
count > 0.3 x 10°/L had a poor specificity of 52% and a low negative
predictive value of 57% for CD3" T-lymphocytes > 0.05 x 10°/L.

A ROC curve was constructed to test the statistical optimal
threshold for the total lymphocyte count to be a diagnostic test of
CD3" T-lymphocytes < 0.05 x 10°/L. (Figure 2). The statistically

The Distribution of Total Lymphocyte Counts and CD3+ T-Lymphocytes
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&
ot
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CD3+ T-Lymphocytes, 10*9/L
FIGURE 1
The distribution of total lymphocyte counts and CD3* T—
lymphocytes in 91 ATG treated transplant recipient with 487
simultaneous measurements.
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TABLE 1 2x2 Matrix of the total lymphocyte count against CD3*
T-lymphocytes.

CD3* T-lympho-

CD3" T-lympho-
cytes
> 0.05 mia/L

cytes
< 0.05 mia/L

Total lymphocyte N =309 (86 % = N =61 (14 %)

count sensitivity) False positive

< 0.3 mia/L True positive

Total lymphocyte N =50 (48 %) N = 67 (52 %= specificity)
count False negative True negative

> 0.3 mia/L

optimal threshold was found to be 0.255 x 10°/L, which is
equivalent to 0.3 x 10°/L in the clinical setting.

It was explored whether the poor specificity and low negative
predictive value of a total lymphocyte count were caused by
contributions from NK cells and B-lymphocytes (Table 2). The
sum of these two cell populations contributed to a median of 75.4%
of the total lymphocytes, with a minimum of 8.4% with a maximum
of 100%.

3.2 Systematic literature review

From an initial search and screening, 64 relevant references
were identified. Among these, only six studies compared the total
lymphocyte count and CD3" T-lymphocyte levels in monitoring
ATG treatment, comprising two prospective and four retrospective
cohort studies (Table 2).

Throughout all studies, CD3" T-lymphocyte concentrations
were universally regarded as the golden standard for guiding
ATG treatment, although the specific threshold for pausing varied

ROC Curve
e
< |
o
© |
2 ©
2
2
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o = |
o
o
=]
—— AUC = 0.76 95% CI: 0.71-0.81
©  Optimal Threshold = 0.255
g - ®  Current Threshold = <0.3
T ) ) T T T T
0.0 0.2 0.4 06 0.8 1.0
1 - Specificity
FIGURE 2
Receiver Operating Characteristic, ROC curve, with current
threshold at 0.3 10%/L total lymphocytes and the statistically optimal
threshold at 0.255 10°/L.
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TABLE 2 Comparisons of CD3+ T—-lymphocytes and total lymphocyte
counts in monitoring of ATG treatment in kidney transplantation.

Number
of

patients

Threshold
for
interrupting
ATG
treatment

Diagnostic value
of the total
lymphocyte
count

20 patients CD3" T- R=0.9, p<0.0001
lymphocytes Total lymphocytes < 0.2
Retrospective 0.02 x 10°/L x 10°/L is 92.4%
cohort study predictive of CD3" T~
Total lymphocytes < 0.02 x
lymphocytes 10°/L
02x 10°/L
8 patients: CD3"* T- High predictive value of
Induction = | lymphocytes total lymphocytes < 0.3 x
Prospective 1 0.02-0.05 x 10°/L | 10°/L and CD3" T-
cohort study Rejection lymphocytes < 0.05 x
=7 Total 10°/L
lymphocytes
0.3 x 10°/L Poor predictive value
(60%) of total
lymphocytes > 0.3 x 10°/
Land CD3" T-
lymphocytes <0.05 x
10°/L
76 CD3"* T- 68% discrepancy in
paired lymphocytes 0.05  clinical decisions
Retrospective | samples x 10°/L

cohort study

Total
lymphocytes 0.1 x
10°/L or 0.2 x
10°/L

24 patients: CD3"* T- Rs=0.4, P<0.001
Induction = | lymphocytes 66% discrepancy in
Prospective 14 0.01 x 10°/L clinical decisions
cohort study Rejection = 23% overtreatment
10 Total
298 lymphocytes
paired 0.1 x 10°/L
samples
242 patients | CD3" T- Correlation between
lymphocytes CD3" T-lymphocytes
Retrospektive 0.02 x 10°/L and total lymphocytes
cohort study R=0.88, p<0.001
Total lymphocyte count
>0.07 x 10°/L had 68%
sensitivity of CD3" T-
lymphocytes > 0,02 x
10°/L and 69% specificity
(ROC curve analysis).
226 patients | CD3" T- Correlation between
lymphocytes CD3" T-lymphocytes
Retrospektivt | Induction = | 0.02 x 10°/L and total lymphocytes
kohortestudie 201 R=0.42, p<0.001
Rejection =
25 Total lymphocyte count
0.256 x 10°/L had 67%
664 sensitivity of CD3" T-
paired lymphocytes < 0.02 x
samples 10°/L and 67% specificity

(ROC curve analysis)

04
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within the range of 0.01-0.05 x 10°/L (15-20). Most studies
reported a correlation ranging from weak to strong between
CD3" T-lymphocyte levels and total lymphocyte counts,
particularly notable for lower values of total lymphocyte counts,
while concerns arose regarding the potential influence of B-
lymphocytes at higher total lymphocyte counts (15-20).

As a diagnostic tool, a total lymphocyte count below 0.2-0.3 x
10°/L was consistently associated with a CD3" T-lymphocyte levels <
0.02-0.05 x 10°/L, demonstrating good sensitivity and positive
predictive value (15, 16). There was consensus among the two
studies that treatment solely based on the total lymphocyte count
below 0.2-0.3 x 10°/L posed a risk of undertreatment in 3-8% of
patients (15, 16).

Conversely, regarding a total lymphocyte count exceeding 0.1-
0.3 x 10°/L, consensus on diagnostic value was lacking when
evaluating specificity and prediction of a CD3" T-lymphocyte
level surpassing 0.02-0.1 x 10°/L. One study identified a poor
predictive value, suggesting a risk of overtreatment (16) while two
studies reported acceptable specificity and predictive value (19, 20).
One study solely focused on the sensitivity and predictive value of a
low total lymphocyte count (15), and two studies addressed the
overall discordance between the two methods but did not
specifically evaluate the diagnostic value of a low total lymphocyte
count (17, 18), reporting either overtreatment in 23% of cases (18)
or leaving the evaluation unaddressed (17). Only two studies
delineated the optimal cutoff value for the total lymphocyte count
to balance sensitivity and specificity as a diagnostic test for CD3" T-
lymphocyte levels (19, 20). However, despite both studies using
CD3* T-lymphocytes at 0.02 x 10°/L as a reference, the reported
threshold for total lymphocyte counts varied from 0.07 x 10°/L (19)
to 0.256 x 10°/L (20). Total lymphocyte counts greater than 0.07 x
10°/L had a 68% sensitivity of CD3" T-lymphocytes greater than
0,02 x 10°/L (19). This indicates the optimal performance of the
diagnostic test for deciding when to continue ATG administration
based on total lymphocyte counts and not to interrupt the
treatment, as demonstrated in our study and (20).

4 Discussion

This study offers the largest data set in the literature to evaluate
the diagnostic value of both a low and a high total lymphocyte count
in ATG administration, compared to the gold standard, which is the
number of CD3" T-lymphocytes. It encompasses 91 patients, and 487
simultaneous measurements of total lymphocyte counts and CD3" T-
lymphocytes. It is firmly established in the literature by controlled
randomized (12) and controlled non-randomized studies (5, 6, 10)
that maintaining CD3" T-lymphocyte levels below 0.05 x 10°/L serves
as a robust indicator for safely reducing ATG treatment, balancing
the risks of rejection and infections. The primary finding from our
retrospective cohort study at the Copenhagen Transplantation Centre
underscores the effectiveness of utilizing an easily accessible total
lymphocyte count below 0.3 x 10%/L as a reliable diagnostic surrogate
marker for low CD3" T-lymphocytes, prompting the cessation of

Frontiers in Immunology

10.3389/fimmu.2024.1419726

ATG treatment. Conversely, relying on a higher total lymphocyte
count than 0.3 x 10°/L to guide ongoing ATG treatment poses a
significant risk of overtreatment, as nearly half of the measurements
would have CD3" T-lymphocyte levels below the threshold of 0.05 x
10°/L. Our study also provides supporting evidence that the poor
specificity of high total lymphocyte counts as a diagnostic surrogate
marker of the CD3" T-lymphocyte concentration may be attributed
to significant contributions from NK cells and B-lymphocytes, a
hypothesis previously suggested but not conclusively demonstrated
(15, 17). Our findings advocate for a monitoring strategy utilizing a
total lymphocyte count below 0.3 x 10°/L to guide reductions in ATG
treatment. Supplementary measurements of CD3" T-lymphocyte
concentration could be reserved for instances where total
lymphocyte counts are higher than 0.3 x 10°/L, aiming to avoid
unnecessary treatment. This conclusion aligns with observations and
recommendations put forward by Gorrie et al. (16). This study (16) is
the only previously published study that evaluates both the diagnostic
value of a low and high total lymphocyte counts and make a clinical
distinction between these two clinical scenarios. Notably, while the
study by Gorrie et al. (16) was based on a limited cohort of 8 patients,
our study contributes with more substantial data to bolster this
proposed strategy. Buchler et al. (15) additionally noted that a low
total lymphocyte count exhibits high sensitivity as a surrogate marker
for a low CD3" T-lymphocyte level, warranting attention to ATG
treatment adjustments in their study involving 20 patients. However,
the Buchler et al. (15) study did not delve into the specificity of higher
total lymphocyte counts due to the relevant concerns regarding the
potential influence of B-lymphocytes documented by our data.

Our review of the literature showed that studies use thresholds for
the total lymphocyte count between 0.07-0.3 x 10°/L as a diagnostic
surrogate test of the CD3" T-lymphocyte level (15-20). We
attempted in our retrospective cohort study to find the optimal
threshold to balance between sensitivity and specificity by the
construction of a ROC curve, demonstrating 0.255 x 10°/L to be
statistically optimal in the middle of the commonly used interval in
other studies. In accordance with this, Machado et al. (20) reported
0.256 x 10°/L to be the threshold to predict the CD3* T-lymphocyte
level to guide ATG treatment but the reference concentration for the
CD3" T-lymphocyte levels was 0.02 x 10°/L in their study. Differences
in the applied threshold of CD3" T-lymphocyte levels between
Machado et al. (20) and our retrospective cohort study is likely to
explain that Machado et al. (20) found a lower sensitivity and a higher
specificity than our retrospective cohort study. Buchler et al. (15)
found a low total lymphocyte count to be a better predictor of a low
CD3" T-lymphocyte concentration compared to our study but both
thresholds for total lymphocyte counts and CD3" T-lymphocyte
levels were lower, and a ROC curve was not constructed. It is
unclear why the construction of a ROC curve in the study by
Furlanetto et al. (19) resulted in a threshold of total lymphocyte
counts to be 0.07 x 10°/L, that is much lower compared to our results
and Machado et al. (20) although their reference CD3"* T-lymphocyte
level (19) was equal to Machado et al. (20). If the true absolute
lymphocyte count threshold as a surrogate to CD3" T-lymphocytes is
closer to 0.07 than 0.3 x 10°/L, then there is a risk of undertreating
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patients who would otherwise benefit from ATG. Such a risk will
always be a part of a diagnostic test and a sensitivity of 86% in our
study is considered good and in accordance with reports in two other
studies (15, 16). Additionally, Furlanetto et al. (19) examined the
sensitivity of the total lymphocyte count in predicting a higher CD3+
T-lymphocyte level and continued ATG administration. Given this
objective, it is anticipated that the threshold would be lower. It is very
likely that the reported high discrepancy in clinical decisions based on
the total lymphocyte count versus the CD3" T-lymphocyte level (17,
18) is caused by the poor predictive value of higher total lymphocyte
counts demonstrated in our study and by Gorrie et al. (16) as (17, 18)
did not explore the diagnostic value of a low total lymphocyte count.

In clinical practice, a strategy involving sequential
measurements of total lymphocytes, followed by analyses of CD3"
T-lymphocytes concentration, may delay an interruption of
unnecessary administration of ATG treatment in cases with high
total lymphocyte counts. We recommend that in cases with higher
total lymphocyte counts, ATG treatment should be continued until
the CD3+ T-lymphocyte measurements are obtained. Exceptions
should be considered in cases where side effects or clinical
circumstances favor rapid intervention without cost concerns or
logistical laboratory problems. It is also important to note that
many solid organ transplantation programs do not currently
monitor ATG treatment at all, so implementing total lymphocyte
count monitoring will be an added benefit.

Our study did not explore the optimal time duration of a low
CD3+ T-lymphocyte level or a low total lymphocyte count in ATG
induction therapy or rejection treatment and it was not evaluated in
the studies, which our literature review was based on. It could be
considered as a limitation that the 487 simultaneous measurements of
total lymphocyte counts and CD3+ T-lymphocyte counts were not
independent of each other as each of the 91 patients participated with
median 4 measurements. However, this is a common practice in
diagnostic tests also reflected in the literature review. The study’s
retrospective design limits the ability to establish causality and control
for all confounding variables. Potential confounders in the study
include patient demographics such as age, sex, and ethnicity, which
can affect immune responses and lymphocyte counts. Additionally,
comorbidities, concurrent medications, transplant characteristics
(including the transplanted organ, time since transplantation, and
prior episodes of rejections), and laboratory variability are other
factors that might influence lymphocyte counts and responses to
ATG treatment. Furthermore, there may be clinical situations where
CD3" T-lymphocyte counts exceed 0.05 x 10°/L even when the
absolute lymphocyte count is below 0.3 x 10°/L. While serum
sickness is a potential concern, it is expected to present with
additional symptoms. Some patients were excluded due to the lack
of simultaneous measurements of total lymphocyte and CD3" T-
lymphocyte counts. Variability in the timing of lymphocyte counts
and potential delays between clinical decision-making and actual
measurements could introduce bias. Moreover, the study population
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was limited to a specific transplant center, which may not be
representative of all transplant recipients. Variations in ATG
dosing regimens and monitoring protocols across different centers
could affect the generalizability of the findings.

In conclusion, the retrospective cohort study and systematic
literature review collectively contribute to our understanding of the
role of total lymphocyte counts in monitoring ATG therapy. While
low total lymphocyte counts act as a good surrogate marker for low
levels of CD3" T-lymphocytes in ATG monitoring, higher levels is a
poor predictor caused by the contribution from other lymphocyte
subsets such as B-lymphocytes and NK cells. A total lymphocyte
count below 0.3 x 10°/L can therefore be used to omit ATG treatment
but not to guide a continued administration at higher levels.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author/s.

Ethics statement

The secretariat for the local scientific ethical committee, Center for
Health, Capital Region, Denmark (R-23050332 and J-23056078), which
serves as the local Danish patient safety authority, and the local Danish
data protection authority (p-2023-14569). The studies were conducted
in accordance with the local legislation and institutional requirements.
The ethics committee/institutional review board waived the
requirement of written informed consent for participation from the
participants or the participants' legal guardians/next of kin because
Danish law permits retrospective studies of clinical laboratory data
obtained as a part a standard treatment without written informed
consent if it has been approved by the health authorities for each study.

Author contributions

RR: Investigation, Writing — original draft, Writing — review &
editing, Formal analysis, Visualization. SS: Conceptualization, Data
curation, Writing — review & editing. PK: Conceptualization, Data
curation, Writing - review & editing. HB: Conceptualization,
Investigation, Methodology, Writing - original draft, Writing -
review & editing, Project administration, Resources, Supervision.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1419726
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Rasander et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Anti-thymocytglobulin, leegemiddelgruppe. Available online at: https://pro.
medicin.dk/Laegemiddelgrupper/Grupper/292050#a060.

2. Mohty M. Mechanisms of action of antithymocyte globulin: T-cell depletion and
beyond. Leukemia. (2007) 21(7):1387-94. doi: 10.1038/sj.leu.2404683

3. Shimabukuro-Vornhagen A, Godel P, Subklewe M, Stemmler HJ, Schlfler HA,
Schlaak M, et al. Cytokine release syndrome. J Immunother Cancer. (2018) 6:56.
doi: 10.1186/s40425-018-0343-9

4. Thomas F, Mendez-Picon G, Thomas J, Lee HM. Individualized monitoring and
modulation of immune reactivity using standardized antithymocyte globulin (ATG).
Transplant Proc. (1979) 11(2):1429-30.

5. Clark KR, Forsythe JL, Shenton BK, Lennard TW, Proud G, Taylor RM.
Administration of ATG according to the absolute T lymphocyte count during
therapy for steroid-resistant rejection. Transpl Int. (1993) 6):18-21. doi: 10.1007/
BF00336633

6. Clark KR, Taylor RM, Forsythe JL. Sensitive monitoring of polyclonal
antilymphocyte agents in renal transplantation. Clin Transpl. (1993) PG-267-
74):267-74.

7. Thomas F. Use of newer immunologic assays for individualized
immunomodulation after renal transplant. Transplant Proc. (1984) 26:1520-1.

8. Delmonico FL, Nelson PW, Colvin RB, Cosimi AB. Immunologic monitoring of
antithymocyte globulin treatment for acute allograft rejection. Transplant Proc. (1984)
16(6):1492-3.

9. Thomas F, Cunningham P, Thomas ], Gross U, Gaskins D, Sash C, et al. Superior
renal allograft survival and decreased rejection with early high-dose and sequential
multi-species antilymphocyte globulin therapy. Transplant Proc. (1987) 19:1874-8.

10. Brun P, Sterkers G, Maisin A, Benali K, Baudouin V, Macher M, et al. Flow-
cytometry monitoring of antilymphocyte globulin therapy in pediatric renal
transplantation. Transplant Proc. (1995) 27(2):1744-5.

11. Cosimi AB, Wortis HH, Delmonico FL, Russell PS. Randomized clinical trial of

antithymocyte globulin in cadaver renal allograft recipients: importance of T cell
monitoring. Surgery. (1976) 80(2):155-63.

Frontiers in Immunology

07

10.3389/fimmu.2024.1419726

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.1419726/
full#supplementary-material

12. Abouna GM, Al-Abdullah IH, Kelly-Sullivan D, Kumar MS, Loose J, Phillips K,
et al. Randomized clinical trial of antithymocyte globulin induction in renal
transplantation comparing a fixed daily dose with dose adjustment according to
T cell monitoring. Transplant. (1995) 59(11):1564-8.

13. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(prisma-p) 2015: Elaboration and explanation. BMJ. (2015) 350:87647.
doi: 10.1136/bmj.g7647

14. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Syst Rev. (2015) 4(1):1. doi: 10.1186/2046-4053-4-1

15. Buchler M, Thibault G, Najjar AA, Valentin JF, Guerraoui A, Nivet H, et al.
Monitoring of ATG therapy by flow cytometry and lymphocyte counts in renal
transplantation. Transplant Proc. (1996) 28:2817-8.

16. Gorrie M, Thomson G, Lewis DM, Boyce M, Riad HN, Beaman M, et al. Dose titration
during anti-thymocyte globulin therapy: monitoring by CD3 count or total lymphocyte
count? Clin Lab Haematol. (1997) 19(1):53-6. doi: 10.1046/j.1365-2257.1997.00210.x

17. Shenton BK, Manas D, Dark JH, Talbot D, Clark KR. Immune monitoring of
anti-thymocyte globulin (ATG) treatment in transplant patients. Clin Appl Immunol
Rev. (2001) 1:347-71. doi: 10.1016/S1529-1049(01)00037-X

18. Franco A, Alvarez L, Gimeno A, Sen ML, Mufoz C, Sanchez-Paya J, et al. Study
of the correlation between two methods used to monitor thymoglobulin therapy in
renal transplantation. Transplant Proc. (2003) 35:1778-9. doi: 10.1016/S0041-1345(03)
00577-3

19. Furlanetto G, Alegretti AP, Farias MG, Freitas PAC, Lara GM, Pedrazzani FS. Cut—
off value for absolute lymphocytes as an alternative for the immunophenotypic analysis of
CD3+ T cells in the monitoring of immunosuppressive therapy with thymoglobulin. Jornal
brasileiro nefrol. (2017) 39:181-5. doi: 10.5935/0101-2800.20170032

20. MaChado FP, Vicari AR, Spuldaro F, de Castro Filho]BS, ManfroRC. Polyclonal
anti T-lymphocyte antibody therapy monitoring in kidney transplant recipients:
comparison of CD3+ T cell and total lymphocyte counts. Einstein (Sao Paulo).
(2018) 16:eA04278. doi: 10.31744/einstein_journal/2018A04278

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1419726/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1419726/full#supplementary-material
https://pro.medicin.dk/Laegemiddelgrupper/Grupper/292050#a060
https://pro.medicin.dk/Laegemiddelgrupper/Grupper/292050#a060
https://doi.org/10.1038/sj.leu.2404683
https://doi.org/10.1186/s40425-018-0343-9
https://doi.org/10.1007/BF00336633
https://doi.org/10.1007/BF00336633
https://doi.org/10.1136/bmj.g7647
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1046/j.1365-2257.1997.00210.x
https://doi.org/10.1016/S1529-1049(01)00037-X
https://doi.org/10.1016/S0041-1345(03)00577-3
https://doi.org/10.1016/S0041-1345(03)00577-3
https://doi.org/10.5935/0101-2800.20170032
https://doi.org/10.31744/einstein_journal/2018AO4278
https://doi.org/10.3389/fimmu.2024.1419726
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Interruption of anti-thymocyte globuline treatment in solid organ transplantation is effectively monitored through a low total lymphocyte count
	1 Introduction
	2 Materials and methods
	2.1 Retrospective cohort study
	2.1.1 Total lymphocyte counts and CD3+ T-lymphocytes
	2.1.2 Data sources
	2.1.3 Statistical analyses
	2.1.4 Ethical considerations

	2.2 Systematic review

	3 Results
	3.1 Retrospective cohort study
	3.2 Systematic literature review

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


