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Abstract: Background/Objectives: Neutropenia is a frequent complication among solid organ trans-
plant (SOT) recipients receiving immunosuppressive therapy and antimicrobial prophylaxis. How-
ever, there are limited studies analysing the frequency and impact of neutropenia in lung transplant
recipients (LTRs). Our aim was to analyse the frequency of neutropenia, the need for granulocyte
colony-stimulating factor (GCSF) treatment within the first 18 months post-transplant and its as-
sociation with acute rejection, chronic lung allograft dysfunction (CLAD), overall survival and the
development of infections. Methods: This observational and retrospective study recruited 305 patients
who underwent lung transplantation between 2009 and 2019, with outpatient quarterly follow-up
during the first 18 months post-surgery.Results: During this period, 51.8% of patients experienced at
least one episode of neutropenia. Neutropenia was classified as mild in 50.57% of cases, moderate
in 36.88% and severe in 12.54%. GCSF treatment was indicated in 23.28% of patients, with a mean
dose of 3.53 units. No statistically significant association was observed between neutropenia or its
severity and the development of acute rejection, CLAD or overall survival. However, the patients
who received GCSF treatment had a higher mortality rate compared to those who did not. Sixteen
patients (5.25%) developed infections during neutropenia, with bacterial infections being the most
common. Conclusions: Neutropenia is common in the first 18 months after lung transplantation and
most episodes are mild. We did not find an association between neutropenia and acute rejection,
CLAD, or mortality. However, the use of GCSF were associated with worse post-transplant survival.

Keywords: neutropenia; granulocyte colony-stimulating factors; lung transplantation; solid organ
transplant; outcomes; allograft dysfunction; overall survival; infections

1. Introduction

Neutropenia is a common complication in solid organ transplant (SOT) recipients
due to immunosuppressive therapy and antimicrobial prophylaxis. This haematological
toxicity has been associated with drugs such as mycophenolate mofetil, valganciclovir
and sulfamethoxazole-trimethoprim [1–3]. Although there are currently no specific man-
agement protocols for neutropenia in SOT [4], in clinical practice, these drugs are often
temporarily discontinued until the neutrophil counts recover, which may result in negative
consequences for the patient, such as severe infections, graft rejection or even death [4–6].

A systematic review of 82 studies on the impact of leukopenia and neutropenia in kid-
ney transplant recipients found an association between neutropenia and the development
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of acute rejection and opportunistic infections. However, the results were inconclusive
in terms of graft loss and mortality. The authors emphasised the importance of early
interventions to reduce the risk of haematological toxicity after transplantation [7].

There are few studies analysing the frequency and impact of neutropenia in lung
transplant recipients (LTRs). A retrospective study involving 228 LTRs showed a higher
mortality in the group of patients with severe neutropenia [8].

Granulocyte colony-stimulating factors (GCSFs) are used to reverse neutropenia and
prevent infections. The administration of CGSFs in transplant recipients is very common
and has been considered safe [6,9]. Moreover, its use in heart transplant recipients has been
associated with a reduction in acute rejection events and graft vasculopathy, suggesting
its potential immunomodulatory effect [9]. However, in lung and kidney transplant recip-
ients, its administration has been associated with an increased risk of acute and chronic
rejection [7,8,10].

Our aim was to analyse the frequency of neutropenia and the need for treatment with
GCSF in the first 18 months post-transplant in LTRs and its association with overall survival,
acute rejection (AR), chronic lung allograft dysfunction (CLAD) and the development
of infections.

2. Methods

This observational and retrospective study includes patients who received their first
lung transplant between 2009 and 2019, with a protocolled outpatient follow-up during the
first 18 months post-surgery.

After surgery, patients were monitored in the outpatient clinic of the Department
of Pulmonology. The follow-up protocol includes a medical visit, routine analysis with
immunosuppressant levels and spirometry. The frequency of visits varies depending on
the time post-transplant: one week after hospital discharge, fortnightly for the first month,
monthly for the next three months, bimonthly for the first year and quarterly for life.

The immunosuppression protocol in our centre includes tacrolimus (plasma levels
between 5–12 ng/mL depending on the time post-transplant), mycophenolate mofetil
(500–1000 mg BID) and prednisone in decreasing doses up to 0.5 mg/kg every 48h for the
first 12 months post-transplant.

Sulfamethoxazole-trimethoprim prophylaxis was initiated at hospital discharge and is
maintained for life in the absence of haematological and/or digestive toxicity.

Patients at risk of cytomegalovirus (CMV) infection (R+ and D+/R−) received pro-
phylaxis with intravenous ganciclovir followed by oral valganciclovir adjusted for renal
function for the first 6–12 months post-transplant. High risk patients (D+/R−) also received
CMV hyperimmune gamma globulin 100 mL monthly during the first year.

Immunosuppression management during neutropenia was based on the patient’s
characteristics and the balance between the risk of rejection or infection. Mycopheno-
late was reduced or temporarily discontinued, while the usual doses of tacrolimus and
corticosteroids were maintained. In relation to antimicrobial prophylaxis, sulfamethoxa-
zole/trimethoprim and valganciclovir were also discontinued, and we used specific CMV
hyperimmunoglobulin as an alternative for CMV prophylaxis.

The criteria for prescribing GCSF were based on the severity of the neutropenia, the
patient’s characteristics and the physician’s criteria.

Patient data were obtained from the electronic medical records. The variables in-
cluded in this study were age at transplantation, sex, baseline disease, date and type of
transplantation, CMV serology (donor and recipient), neutropenia and its severity (mild:
1500–1000/mL, moderate: 1000–500/mL, severe: <500/mL), administration of GCSF (date
and dose), concomitant infection (type and microorganism), acute rejection (date and
severity), chronic lung allograft dysfunction (date), overall survival.

We performed a descriptive statistical analysis of qualitative variables. The association
between neutropenia and the use of GCSF with AR, CLAD and survival was analysed
using logistic regression and the Fine–Gray model.
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3. Results

We included 305 patients in the study, 197 (64.59%) of whom were male, with a
mean age at the time of transplantation of 53.3 years (range 16.3–68.2). The most frequent
underlying disease was chronic obstructive pulmonary disease (42.30%), followed by
interstitial lung disease (37.7%), cystic fibrosis (14.43%), bronchiectasis (2.95%) and others
(2.62%). Most patients (83.61%) had positive serology for cytomegalovirus (R+) at the time
of transplantation (Table 1).

Table 1. Demographic and clinical variables.

N = 305 N = 71 (GCSF-Treated)

Recipient Age (years, mean (range)) 53.3 (16.2–68.2) 53.4 (20.4–66.0)
Recipient Gender (n, %)

Female 108 (35.41) 23 (32.39)
Male 197 (64.59) 48 (67.61)

Transplant Diagnosis (n, %)
Chronic Obstructive Pulmonary

Disease (COPD) 129 (42.30) 24 (33.80)

Interstitial Lung Disease (ILD) 115 (37.70) 32 (45.07)
Cystic Fibrosis (CF) 44 (14.43) 10 (14.08)

Bronchiectasis 9 (2.95) 3 (4.23)
Other 8 (2.62) 2 (2.82)

CMV Mismatch Status (n, %)
R+ 255 (83.61) 54 (76.06)

D+/R− 40 (13.11) 15 (21.12)
D−/R− 10 (3.28) 2 (2.82)

We observed at least one episode of neutropenia during the first 18 months post-
transplant in 154 patients (51.8%). Neutropenia was recurrent in 35.38% of recipients.
Neutropenia was detected in 263 of the 1554 visits made (16.9%) during the study period.
We found no significant differences in the occurrence of neutropenia when considering
the time post-transplantation across different periods. The severity of neutropenia was
classified as mild in 50.57% of cases (N = 133), moderate in 36.88% (N = 97) and severe in
12.54% (N = 33).

No statistical significant association was observed between the development of neu-
tropenia and AR (p = 0.7053, CLAD (p = 0.1896) or overall survival (p = 0.7557) (Figure 1). We
also found no significant association between the severity of neutropenia, AR (p = 0.7053),
CLAD (p = 0.1896) or survival (p = 0.2418) (Figure 2).
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Seventy-one patients (23.28%) were treated with GCSF, and the mean dose admin-
istered per patient was 3.53 units (SD ± 4.2). The severity of neutropenia was mild in
18 patients and moderate/severe in 53. Regardless of its severity, GCSF administration
was prescribed more frequently in patients prone to bacterial or fungal infections after
lung transplantation.

Sixteen patients (5.25%) developed infections during neutropenia, the most frequent
being bacterial (Table 2). The locations of infection were pulmonary (N = 9; 56%), gastroin-
testinal (N = 2; 12.5%), sepsis (N = 2; 12.5%) and others (N = 2; 12.5%).

Table 2. Type of infection according to aetiological agent.

Type of Infection and Microorganism Frequency (%, N)

Bacterial 56.25 (9)

Staphylococcus aureus 12.50 (2)

Campylobacter jejuni 6.25 (1)

Pseudomonas aeruginosa 6.25 (1)

Enterecoccus faecium 6.25 (1)

Klebsiella pneumoniae 6.25 (1)

Haemophilus influezae 6.25 (1)

Clostridium difficile 6.25 (1)

Mycobacterium tuberculosis 6.25 (1)

Fungal 25.00 (4)

Aspergillus spp. 12.50 (2)

Candida albicans 6.25 (1)

Penicillium sp. 6.25 (1)

Viral 18.75 (3)

Influenza 12.50 (2)

Cytomegalovirus 6.25 (1)

We did not observe a statistically significant relationship between GCSF administration
and the development of AR (p = 0.2121) or CLAD (p = 0.8642). However, patients who
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received GCSF showed higher mortality than patients who did not (HR 2.30; 95% CI
1.32–4.00; p = 0.0025) (Figure 3) [11]. The causes of death in these patients were infections in
10 (55.60%), progressive CLAD in 5 (27.78%), humoral rejection in 2 (11.11%) and massive
haemoptysis in 1 (5.56%).
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In our study, we observed that half of the LTRs experienced at least one episode of
neutropenia during the first 18 months post-transplantation, and that neutropenia may be
recurrent in one third of them. The frequency of neutropenia in LTRs is higher than that
described in other SOT recipients. In heart transplant recipients, a percentage of neutropenia
ranging from 21 to 30% [12–14] has been reported, while in kidney transplant recipients,
the frequency of neutropenia varies widely, from 15 to 58% [15]. These wide oscillations
are probably related to differences in immunosuppression schemes and antimicrobial
prophylaxis used in the different organs and transplantation units.

In relation to LTRs, the observed frequency of 51.3% in our study was higher than the
44.3% previously described by Tague et al. in their cohort of 228 recipients. This difference
could be attributed to variations in follow-up time. However, most of the episodes we
detected were mild or moderate, and only 12.5% were considered severe. This may be
related to the frequent monitoring of patients in our unit and the early use of GCSF to
prevent the development of infectious complications [5,16].

Severe neutropenia has been associated with an increased risk of infection and worse
survival in a series of lung [8] or kidney transplant recipients [16]. However, in our
series, we observed no association between the presence of neutropenia, acute rejection,
CLAD and patient survival. The low frequency of severe neutropenia observed by us and
the frequent and early use of GCSF may partly justify this lack of statistical association.
The administration of GCSF has been associated with the development of acute graft
rejection [10]. However, in our series, we did not observe an association between the use of
GCSF and the development of AR or CLAD. Nevertheless, our patients who received GCSF
had a higher mortality rate. This finding suggests that patients requiring GCSF therapy
have a worse long-term prognosis.

Bacterial infections are common in neutropenic patients [17]. LTRs frequently develop
pulmonary bacterial infections as a consequence of the characteristics of the graft and the
intense immunosuppression treatment they receive. However, in our study, we observed
a low number of infections during episodes of neutropenia. This low frequency may
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be related to the close follow-up these recipients undergo in our unit and to the early
administration of GCSF.

The main limitations of our study are its single-centre retrospective nature and the follow-
up period limited to the first 18 months post-surgery. Although this period is associated with
the highest risk of post-transplant complications, the interval analysed may be insufficient
for a comprehensive and extrapolatable assessment of long-term outcomes. Extending the
follow-up period would provide a more comprehensive and accurate picture of the evolution
of patients, especially with the progressive increase in post-transplant survival.

4. Conclusions

In conclusion, we have observed that neutropenia is very frequent in the first 18 months
post-lung transplantation. Most episodes of neutropenia -were mild, but they may be
persistent in more than one third of patients. We have not observed an association between
the presence of neutropenia and acute rejection and CLAD or mortality. However, we have
observed that the use of GCSF were associated with worse post-transplant survival.

Author Contributions: Conceptualization, R.S.F.d.S. and M.P.U.G.; methodology, R.S.F.d.S. and
M.P.U.G.; software, R.S.F.d.S.; validation, R.S.F.d.S. and M.P.U.G.; formal analysis, M.P.U.G.; investi-
gation, R.S.F.d.S., R.L.H., M.A.P. and M.P.U.G.; resources, R.S.F.d.S., A.C.S.C. and M.P.U.G.; data cura-
tion, R.S.F.d.S., S.G.-M.F. and A.C.S.C.; writing—original draft preparation, R.S.F.d.S., A.C.S.C. and
M.P.U.G.; writing—review and editing, R.S.F.d.S., A.C.S.C., R.L.H., M.A.P., C.G.F., A.S.G., S.G.-M.F.
and M.P.U.G.; visualization, R.S.F.d.S., A.C.S.C. and M.P.U.G.; supervision, M.P.U.G.; project adminis-
tration, M.P.U.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Hospital Universitario Puerta de Hierro
Majadahonda (83/24; 22 April 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are contained within the article.

Acknowledgments: The authors acknowledge the support of the biochemistry laboratory. The main
author is grateful for the support of MSM.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Hartmann, E.L.; Gatesman, M.; Roskopf-Somerville, J.; Stratta, R.; Farney, A.; Sundberg, A. Management of leukopenia in kidney

and pancreas transplant recipients. Clin. Transplant. 2008, 22, 822–828. [CrossRef] [PubMed]
2. Perez, E.M.; Castroagudín, J.F.; Ríos, S.S.; Calviño, J.M.; de Rituerto, S.T.M.; Antón, E.O.; Montalvo, M.B.; Perez, E.V. Valganciclovir-

induced leukopenia in liver transplant recipients: Influence of concomitant use of mycophenolate mofetil. Transplant. Proc. 2009,
41, 1047–1049. [CrossRef] [PubMed]

3. Haidar, G.; Boeckh, M.; Singh, N. Cytomegalovirus Infection in Solid Organ and Hematopoietic Cell Transplantation: State of the
Evidence. J. Infect. Dis. 2020, 221 (Suppl. S1), S23–S31. [CrossRef] [PubMed] [PubMed Central]

4. Baradaran, H.; Hashem Zadeh, A.; Dashti-Khavidaki, S.; Laki, B. Management of drug-induced neutropenia, thrombocytopenia,
and anaemia after solid organ transplantation: A comprehensive review. J. Clin. Pharm. Ther. 2022, 47, 1895–1912. [CrossRef]
[PubMed]

5. Zafrani, L.; Truffaut, L.; Kreis, H.; Etienne, D.; Rafat, C.; Lechaton, S.; Anglicheau, D.; Zuber, J.; Ciroldi, M.; Thervet, E.; et al.
Incidence, risk factors and clinical consequences of neutropenia following kidney transplantation: A retrospective study. Am. J.
Transplant. 2009, 9, 1816–1825. [CrossRef] [PubMed]

6. Viglietti, D.; Peraldi, M.N. Cytopénies après transplantation rénale [Cytopenias following kidney transplantation]. Nephrol. Ther.
2011, 7, 474–478. [CrossRef] [PubMed]

7. Raval, A.D.; Kistler, K.D.; Tang, Y.; Vincenti, F. Burden of neutropenia and leukopenia among adult kidney transplant recipients:
A systematic literature review of observational studies. Transpl. Infect. Dis. 2023, 25, e14000. [CrossRef]

8. Tague, L.K.; Scozzi, D.; Wallendorf, M.; Gage, B.F.; Krupnick, A.S.; Kreisel, D.; Byers, D.; Hachem, R.R.; Gelman, A.E. Lung
transplant outcomes are influenced by severity of neutropenia and granulocyte colony-stimulating factor treatment. Am. J.
Transplant. 2020, 20, 250–261. [CrossRef]

https://doi.org/10.1111/j.1399-0012.2008.00893.x
https://www.ncbi.nlm.nih.gov/pubmed/19040562
https://doi.org/10.1016/j.transproceed.2009.02.033
https://www.ncbi.nlm.nih.gov/pubmed/19376423
https://doi.org/10.1093/infdis/jiz454
https://www.ncbi.nlm.nih.gov/pubmed/32134486
https://www.ncbi.nlm.nih.gov/pmc/PMC7057778
https://doi.org/10.1111/jcpt.13775
https://www.ncbi.nlm.nih.gov/pubmed/36250775
https://doi.org/10.1111/j.1600-6143.2009.02699.x
https://www.ncbi.nlm.nih.gov/pubmed/19538494
https://doi.org/10.1016/j.nephro.2011.04.002
https://www.ncbi.nlm.nih.gov/pubmed/21596639
https://doi.org/10.1111/tid.14000
https://doi.org/10.1111/ajt.15581


Med. Sci. 2024, 12, 56 7 of 7

9. Vrtovec, B.; Haddad, F.; Pham, M.; Deuse, T.; Fearon, W.F.; Schrepfer, S.; Leon, S.; Vu, T.; Valantine, H.; Hunt, S.A. Granulocyte
colony-stimulating factor therapy is associated with a reduced incidence of acute rejection episodes or allograft vasculopathy in
heart transplant recipients. Transplant. Proc. 2013, 45, 2406–2409. [CrossRef] [PubMed]

10. Fredrick, S.R.; Iasella, C.J.; Sacha, L.M.; Rivosecchi, R.M.; Morrell, M.R.; Sanchez, P.G.; Pilewski, J.M.; Snyder, M.E.; McDyer, J.F.;
Moore, C.A. Incidence of Acute Cellular Rejection After Granulocyte Colony-Stimulating Factor in Lung Transplant Recipients. J.
Pharm. Pract. 2023, 37, 830–837. [CrossRef] [PubMed]

11. Sanabrias, R.; Laporta, R.; Aguilar-Perez, M.; Teresa, L.M.; Fadul, C.G.; Aguado, S.; Royuela, A.; Ussetti, P. (1249) Impact of
Neutropenia and Granulocyte Colony-Stimulating Factor Treatment in Lung Transplant Recipients. J. Heart Lung Transplant. 2023,
42, S533. [CrossRef]

12. Stewart, A.G.; Kotton, C.N. What’s New: Updates on Cytomegalovirus in Solid Organ Transplantation. Transplantation 2024,
108, 884–897. [CrossRef] [PubMed]

13. Chow, J.K.L.; Ruthazer, R.; Boucher, H.W.; Vest, A.R.; DeNofrio, D.M.; Snydman, D.R. Factors associated with neutropenia post
heart transplantation. Transpl. Infect. Dis. 2021, 23, e13634. [CrossRef] [PubMed] [PubMed Central]

14. Dube, G.K.; Morris, H.K.; Crew, R.J.; Pereira, M.R.; Cohen, D.J.; Mohan, S.; Husain, S.A. Febrile neutropenia after kidney
transplantation. Am. J. Transplant. 2021, 21, 3436–3443. [CrossRef] [PubMed]

15. Hurst, F.P.; Belur, P.; Nee, R.; Agodoa, L.Y.; Patel, P.; Abbott, K.C.; Jindal, R.M. Poor outcomes associated with neutropenia after
kidney transplantation: Analysis of United States Renal Data System. Transplantation 2011, 92, 36–40. [CrossRef] [PubMed]

16. Wey, E.; Kibbler, C. Infections associated with neutropenia and transplantation. In Antibiotic and Chemotherapy; Elsevier B.V.:
Amsterdam, The Netherlands, 2010; pp. 502–523. [CrossRef] [PubMed Central]

17. Belga, S.; Hernandez, C.; Kabbani, D.; Cervera, C. Incidence of valganciclovir-related leukopenia and neutropenia in solid organ
transplant recipients at high risk of cytomegalovirus disease. Transpl. Infect. Dis. 2024, 26, e14227. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.transproceed.2013.01.106
https://www.ncbi.nlm.nih.gov/pubmed/23953556
https://doi.org/10.1177/08971900231184308
https://www.ncbi.nlm.nih.gov/pubmed/37345293
https://doi.org/10.1016/j.healun.2023.02.1459
https://doi.org/10.1097/TP.0000000000004855
https://www.ncbi.nlm.nih.gov/pubmed/37899366
https://doi.org/10.1111/tid.13634
https://www.ncbi.nlm.nih.gov/pubmed/33982834
https://www.ncbi.nlm.nih.gov/pmc/PMC8455412
https://doi.org/10.1111/ajt.16714
https://www.ncbi.nlm.nih.gov/pubmed/34105882
https://doi.org/10.1097/TP.0b013e31821c1e70
https://www.ncbi.nlm.nih.gov/pubmed/21512429
https://doi.org/10.1016/B978-0-7020-4064-1.00040-3
https://www.ncbi.nlm.nih.gov/pmc/PMC7148738
https://doi.org/10.1111/tid.14227
https://www.ncbi.nlm.nih.gov/pubmed/38180285

	Introduction 
	Methods 
	Results 
	Conclusions 
	References

