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Background: Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis
(AAV) is a systemic autoimmune disease characterized by necrotizing small-
vessel inflammation, frequently complicated by severe anemia and progressive
renal injury. Anemia, affecting 73-92% of AAV patients, arises from multifactorial
mechanisms including renal dysfunction, chronic inflammation, and iron
dysregulation. Despite conventional immunosuppressive therapies, refractory
anemia remains a significant challenge, with limited strategies targeting
inflammation-driven hepcidin dysregulation.

Case presentation: A 56-year-old woman presented with myeloperoxidase-
specific antineutrophil cytoplasmic antibody (MPO-ANCA) positive AAV,
transfusion-dependent anemia (hemoglobin: 56 g/L), and advanced chronic
kidney disease with 55% tubulointerstitial atrophy. Initial management included
cyclophosphamide, glucocorticoids, erythropoietin, and transfusions, yielding
only a transient rise in hemoglobin (Hb) that rapidly declined despite treatment.
Following the initiation of rituximab (RTX), her Hb level improved to 88 g/L within
four weeks and normalized to 127 g/L after four biweekly infusions (500 mg
each). Concurrently, MPO-ANCA titers decreased from 1:1280 to 1:80, and
pulmonary infiltrates resolved. However, renal function remained impaired
(serum creatinine: 229 pmol/L) due to irreversible fibrosis.

Conclusions: This case demonstrates RTX's dual efficacy in suppressing
autoimmunity and alleviating anemia, potentially through indirect effects on
infammatory pathways and iron metabolism. Early RTX use may reduce
transfusion dependency and help stabilize renal function in refractory AAV,
though advanced fibrosis limits recovery. These findings support RTX as a first-
line option in AAV patients with severe anemia and evolving renal injury.
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1 Introduction

Antineutrophil cytoplasmic antibody (ANCA) -associated
vasculitis (AAV) is a systemic autoimmune disorder characterized
by necrotizing inflammation of small vessels, frequently
complicated by severe anemia and progressive renal injury (1).
Anemia, observed in 73-92% of AAV patients at diagnosis, arises
from multifactorial mechanisms including renal erythropoietin
deficiency, chronic inflammation, alveolar hemorrhage,
malnutrition, iron deficiency and occult gastrointestinal bleeding
(2, 3). Notably, anemia severity correlates with tubulointerstitial
damage and predicts mortality, yet targeted therapeutic strategies
remain limited. While rituximab (RTX), a CD20" B-cell depleting
agent, is established for refractory or relapsing AAV, its broader
immunomodulatory impact, including potential benefits on
hematologic parameters, remains incompletely understood (4).

Here, we present the case of a patient with myeloperoxidase-
specific antineutrophil cytoplasmic antibody (MPO-ANCA) positive
AAV who suffered from severe, transfusion-dependent anemia and
advanced tubulointerstitial atrophy that was unresponsive to

FIGURE 1
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standard therapy. After initiating RTX, the patient’s hemoglobin
(Hb) levels normalized without further transfusions, coinciding
with a reduction in MPO-ANCA titers. This case highlights the
dual capacity of RTX to suppress pathogenic autoimmunity while
also alleviating inflammation-associated anemia, suggesting its
potential as a therapeutic strategy for patients who are refractory to
traditional immunosuppressants.

2 Case presentation

A 56-year-old woman presented to the emergency department
with a one-month history of progressive fatigue and dizziness on
exertion. She reported black stools over the preceding week,
suggestive of occult gastrointestinal bleeding, but denied fever,
chills, or acute abdominal pain. Her condition worsened acutely
one day prior to admission, marked by severe generalized weakness,
nausea with one episode of non-bloody vomiting, palpitations, and
cold sweats. Initial laboratory evaluation revealed profound anemia
(hemoglobin: 56 g/L) and acute kidney injury (serum creatinine:
255.3 umol/L), prompting urgent hospitalization.
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Radiological and pathological findings. (A) Chest CT image before treatment, showing pulmonary lesions. (B) Chest CT image after four doses of
rituximab (RTX) therapy, demonstrating improvement in pulmonary lesions. (C) PASM staining of kidney biopsy (x400), with red arrows indicating
cellular fibrocellular crescents. (D) MASSON staining of kidney biopsy (x400), with yellow arrows indicating fibrinoid necrosis.
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On admission, physical examination revealed an alert
but fatigued patient with marked pallor. Her heart rate was
103 bpm and blood pressure was 149/93 mmHg. No jaundice,
lymphadenopathy, or cutaneous hemorrhages were observed.
Cardiopulmonary auscultation demonstrated regular heart sounds
without murmurs and bilateral fine crackles at the lung bases. The
abdominal examination was unremarkable. Neurological
assessment was normal.

Chest computed tomography (CT) revealed diffuse bilateral
ground-glass opacities and patchy consolidations, suggestive of
interstitial pneumonia. There was no evidence of cardiogenic
pulmonary edema or diffuse alveolar hemorrhage (Figure 1).
Elevated inflammatory markers, including C-reactive protein
(CRP) at 85.73 mg/L, supported systemic inflammation.
Serological testing confirmed MPO-ANCA positivity (titer:
1:1280). Additional laboratory findings included elevated ferritin
(271.6 ng/mL) and hypoalbuminemia (25.4 g/L). Urine testing on
admission showed significant proteinuria, with a urine albumin-to-
creatinine ratio (ACR) of 3289 mg/g. A renal biopsy demonstrated
pauci-immune necrotizing glomerulonephritis with chronic
vascular injury. Of the 42 glomeruli available for examination, 28
were globally sclerotic and 5 were segmentally sclerotic. The biopsy
also showed non-active chronic lesions, including fibrocellular
crescents and tubulointerstitial fibrosis involving 55% of the
parenchyma (Figure 1). These findings confirmed chronic-phase
renal injury consistent with AAV.

Initial management aimed to address the severe anemia and active
vasculitis. The patient received three blood transfusions (total 5 units)
alongside recombinant human erythropoietin (rHuEPO) (10,000 IU

v Transfusion

10.3389/fimmu.2025.1600250

weekly) and oral iron supplementation. Immunosuppression was
initiated with methylprednisolone (40 mg twice daily for three days),
followed by 40 mg once daily. One dose of cyclophosphamide (CTX,
0.6 g IV) was administered; however, given the lack of clinical
improvement and ongoing transfusion dependency, further doses
were withheld. Despite a transient post-transfusion rise in
hemoglobin (peak: 87 g/L), levels rapidly declined to below 60 g/L.
Fecal occult blood testing was weakly positive; however, both
gastroscopy and colonoscopy ruled out active gastrointestinal
bleeding. A comprehensive anemia workup was performed to
exclude other causes (Supplementary Table 1). Hemolysis was ruled
out by a negative direct Coombs test and normal levels of lactate
dehydrogenase, total, and indirect bilirubin. Vitamin B12 and folate
levels were within normal ranges, excluding nutritional deficiencies.
Although serum ferritin was elevated (271.6 ng/mL) and transferrin
saturation exceeded 15%, these findings were consistent with functional
iron restriction rather than absolute iron deficiency. These findings
supported a diagnosis of anemia of chronic disease (ACD).

In light of persistent vasculitis activity, manifested by
pulmonary infiltrates and elevated MPO-ANCA titers, and
refractory anemia unresponsive to prior therapy, RTX (500 mg
every two weeks) was initiated after ruling out contraindications.

Follow-up at four weeks post-RTX initiation demonstrated
hematologic improvement (hemoglobin: 88 g/L), with normalization
to 127 g/L achieved after four RTX infusions (total cumulative dose:
2,000 mg). This fixed-dose regimen was chosen based on recent
evidence showing that a 500 mg biweekly schedule offers similar
efficacy to the standard 375 mg/m* weekly protocol for AAV,
especially in patients with renal involvement, while being more
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FIGURE 2

Overview of the patient’s clinical course and management. The timeline illustrates the patient’s clinical progression, including changes in hemoglobin
levels, serum creatinine levels, and the timing of rituximab (RTX) therapy and transfusions. Key clinical events and treatment responses are

documented from November 18, 2024, to January 27, 2025.
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convenient (5, 6). Repeat MPO-ANCA testing showed a reduced titer
(1:80), and ferritin levels decreased to 156 ng/mL. A repeat chest CT
revealed resolution of the pulmonary infiltrates. Urinary protein also
improved, with the urine ACR decreasing to 2120.5 mg/g and a 24-
hour urine protein excretion of 2470.4 mg/24h. However, chronic
kidney disease persisted (serum creatinine: 229 pmol/L), reflecting the
irreversible fibrosis observed on biopsy. No disease flares occurred
during a two-month monitoring period. The clinical course is
summarized in Figure 2.

3 Discussion and conclusion

The profound anemia in this patient illustrates the complex
pathophysiology of anemia in AAV. While severe renal
insufficiency (estimated glomerular filtration rate (eGFR) <30 mL/
min/1.73m?) likely contributed to erythropoietin deficiency, the
lack of a sustained hemoglobin response to transfusions and
rHuEPO suggested a dominant role for inflammation-driven
ACD (7). Elevated ferritin and CRP are hallmark features of
ACD, driven by pro-inflammatory cytokines, particularly
interleukin-6 (IL-6), which induces hepatic hepcidin production
(8). Hepcidin binds to ferroportin on macrophages and enterocytes,
blocking iron efflux and sequestering iron intracellularly, thereby
impairing iron availability for erythropoiesis (9). This results in a
functional iron deficiency: erythropoiesis is impaired due to
restricted circulating iron despite adequate total body iron stores.

In this case, no overt infection was identified, but the chronic
inflammatory state inherent to AAV likely triggered the same
hepcidin-mediated iron restriction mechanisms seen in infection-
related ACD (10, 11). The combination of elevated ferritin (>270
ng/mL), high CRP (>85 mg/L), and a transferrin saturation >15%
supported the diagnosis of ACD over pure iron deficiency anemia
(12). Additionally, the exclusion of hemolysis and active
gastrointestinal bleeding reinforced inflammation as the dominant
contributor to her anemia.

The patient’s clinical course improved markedly after initiating
RTX. As a CD20-targeted monoclonal antibody, RTX depletes
autoreactive B cells responsible for ANCA production, thereby
attenuating neutrophil activation, endothelial injury, and the IL-6-
driven inflammatory cascade (13). The observed decrease in MPO-
ANCA titers and CRP levels paralleled the improvement in hemoglobin.
This suggests that RTX may have indirectly restored erythropoiesis by
modulating inflammatory pathways that drive hepcidin production (14,
15), although serum hepcidin was not measured in this case. RTX may
also alleviate anemia through broader immunomodulatory effects,
including the downregulation of other proinflammatory cytokines
such as TNF-o, which can suppress marrow inhibitory signaling and
restore erythroid precursor proliferation (16, 17).

In contrast to CTX, which has broad cytotoxic effects, RTX
offers a more targeted mechanism. Our patient’s anemia persisted
during CTX treatment but responded promptly to RTX. CTX
reduces inflammation through generalized immunosuppression,
but its effect on the IL-6 and hepcidin pathways central to ACD
is less direct (18, 19). By depleting B cells, RTX more specifically

Frontiers in Immunology

10.3389/fimmu.2025.1600250

attenuates the IL-6-driven inflammatory cascade (13, 20), which
likely relieved the inflammation-induced block on iron metabolism
and contributed to the hematologic recovery observed (21).

The limited renal recovery in this patient demonstrates the
long-term consequences of delayed intervention. The renal biopsy
revealed extensive irreversible damage, including 55%
tubulointerstitial fibrosis and a high percentage of globally
sclerotic glomeruli. While RTX successfully halted further
immunologic injury, it could not reverse chronic scarring. The
patient’s persistent elevation in serum creatinine and only partial
improvement in proteinuria (ACR decreased from 3289 to 2120.5
mg/g) reflect this residual structural damage. These findings
reinforce the concept of a “therapeutic window,” in which early
initiation of RTX, prior to the onset of irreversible fibrosis, is crucial
to preserving long-term renal function (22).

In conclusion, this case demonstrates that RTX can effectively
resolve severe, inflammation-driven anemia in AAV, even when
significant renal fibrosis limits organ recovery. The patient’s
transition from transfusion dependency to sustained hematologic
remission suggests that RTX helped overcome functional iron
restriction by suppressing the underlying inflammatory drivers of
ACD. Although mechanistic biomarkers like serum hepcidin were
not measured, the clinical response supports the hypothesis that
RTX acts by modulating immune-mediated iron dysregulation.
These findings suggest that for AAV patients presenting with
severe anemia and active inflammation, early consideration of
RTX may be warranted to reduce transfusion requirements and
improve hematologic outcomes, regardless of the potential for renal
function recovery.

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.

Ethics statement

The studies involving humans were approved by Human
Research Ethics Committee of Ningbo No. 2 Hospital. The
studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included
in this article.

Author contributions

NS: Data curation, Funding acquisition, Visualization, Writing
- original draft, Writing - review & editing. LC: Writing - review &

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1600250
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Shao et al.

editing. XB: Funding acquisition, Writing — review & editing. QL:
Supervision, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research and/or publication of this article. This study was supported
by the Ningbo Major Research and Development Plan Project
(2023Z177) for the cost of publication of this open access article.

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.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

References

1. Jennette JC, Falk RJ. Small-vessel vasculitis. N Engl ] Med. (1997) 337:1512-23.
doi: 10.1056/NEJM199711203372106

2. Quartuccio L, Bond M, Isola M, Monti S, Felicetti M, Furini F, et al. Alveolar
haemorrhage in ANCA-associated vasculitis: Long-term outcome and mortality
predictors. J Autoimmun. (2020) 108:102397. doi: 10.1016/j.jaut.2019.102397

3. Lotscher F, Krusche M, Ruffer N, Kubacki T, Person F, Kétter 1. Cocaine-induced
ANCA-associated renal disease: a case-based review. Rheumatol Int. (2019) 39:2005-
14. doi: 10.1007/s00296-019-04410-9

4. Nakazawa D, Masuda S, Tomaru U, Ishizu A. Pathogenesis and therapeutic
interventions for ANCA-associated vasculitis. Nat Rev Rheumatol. (2019) 15:91-101.
doi: 10.1038/s41584-018-0145-y

5. Guillevin L, Pagnoux C, Karras A, Khouatra C, Aumaitre O, Cohen P, et al.
Rituximab versus azathioprine for maintenance in ANCA-associated vasculitis. N Engl
J Med. (2014) 371:1771-80. doi: 10.1056/NEJMoal404231

6. Alzayer H, Sebastian KK, O’Shaughnessy MM. Rituximab dosing in glomerular
diseases: A scoping review. Can J Kidney Health Dis. (2022) 9:20543581221129959.
doi: 10.1177/20543581221129959

7. Richard-Fiardo P, Payen E, Chévre R, Zuber J, Letrou-Bonneval E, Beuzard Y,
et al. Therapy of anemia in kidney failure, using plasmid encoding erythropoietin. Hum
Gene Ther. (2008) 19:331-42. doi: 10.1089/hum.2006.0101

8. Weiss G, Ganz T, Goodnough LT. Anemia of inflammation. Blood. (2019)
133:40-50. doi: 10.1182/blood-2018-06-856500

9. Billesbelle CB, Azumaya CM, Kretsch RC, Powers AS, Gonen S, Schneider S, et al.
Structure of hepcidin-bound ferroportin reveals iron homeostatic mechanisms. Nature.
(2020) 586:807-11. doi: 10.1038/s41586-020-2668-z

10. Hellmich B, Sanchez-Alamo B, Schirmer JH, Berti A, Blockmans D, Cid MC,
et al. EULAR recommendations for the management of ANCA-associated vasculitis:
2022 update. Ann Rheumatic Dis. (2024) 83:30-47. doi: 10.1136/ard-2022-223764

11. Batchelor EK, Kapitsinou P, Pergola PE, Kovesdy CP, Jalal DI. Iron deficiency in
chronic kidney disease: updates on pathophysiology, diagnosis, and treatment. J Am
Soc Nephrol. (2020) 31:456-68. doi: 10.1681/ASN.2019020213

12. Weiss G, Goodnough LT. Anemia of chronic disease. N Engl ] Med. (2005)
352:1011-23. doi: 10.1056/NEJMra041809

Frontiers in Immunology

05

10.3389/fimmu.2025.1600250

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated 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.2025.1600250/
full#supplementary-material

13. Thiel J, Schmidt FM, Lorenzetti R, Troilo A, Janowska I, Nieflen L, et al. Defects
in B-lymphopoiesis and B-cell maturation underlie prolonged B-cell depletion in
ANCA-associated vasculitis. Ann Rheum Dis. (2024) 83:1536-48. doi: 10.1136/ard-
2024-225587

14. Guerra A, Parhiz H, Rivella S. Novel potential therapeutics to modify iron
metabolism and red cell synthesis in diseases associated with defective erythropoiesis.
Haematologica. (2023) 108:2582-93. doi: 10.3324/haematol.2023.283057

15. Chen T, Xu P-C, Hu S-Y, Gao S, Jia J-Y, Yan T-K. High serum hepcidin is
associated with the occurrence of anemia in anti-myeloperoxidase antibody-associated
vasculitis with normal kidney function: a cross-sectional study. Rheumatol Int. (2019)
39:851-7. doi: 10.1007/s00296-019-04292-x

16. Murakhovskaya I. Rituximab use in warm and cold autoimmune hemolytic
anemia. J Clin Med. (2020) 9:4034. doi: 10.3390/jcm9124034

17. Chao S-H, Chang Y-L, Yen J-C, Liao H-T, Wu T-H, Yu C-L, et al. Efficacy and
safety of rituximab in autoimmune and microangiopathic hemolytic anemia: a
systematic review and meta-analysis. Exp Hematol Oncol. (2020) 9:6. doi: 10.1186/
540164-020-00163-5

18. Li L, Wang X, Zhang H, Chen Q, Cui H. Low anticoagulant heparin-iron
complex targeting inhibition of hepcidin ameliorates anemia of chronic disease in
rodents. Eur ] Pharmacol. (2021) 897:173958. doi: 10.1016/j.ejphar.2021.173958

19. Sheng Y, Chen Y-J, Qian Z-M, Zheng J, Liu Y. Cyclophosphamide induces a
significant increase in iron content in the liver and spleen of mice. Hum Exp Toxicol.
(2020) 39:973-83. doi: 10.1177/0960327120909880

20. Berti A, Warner R, Johnson K, Cornec D, Schroeder DR, Kabat BF, et al. The
association of serum interleukin-6 levels with clinical outcomes in antineutrophil
cytoplasmic antibody-associated vasculitis. J Autoimmun. (2019) 105:102302.
doi: 10.1016/j.jaut.2019.07.001

21. Quintana-Castanedo L, Maseda R, Pérez-Conde I, Butta N, Monzon-Manzano
E, Acuna-Butta P, et al. Interplay between iron metabolism, inflammation, and EPO-
ERFE-hepcidin axis in RDEB-associated chronic anemia. Blood Adv. (2025) 9:2321-35.
doi: 10.1182/bloodadvances.2024015271

22. Bate S, McGovern D, Costigliolo F, Tan PG, Kratky V, Scott J, et al. The
improved kidney risk score in ANCA-associated vasculitis for clinical practice and
trials. ] Am Soc Nephrol. (2024) 35:335-46. doi: 10.1681/ASN.0000000000000274

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1600250/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1600250/full#supplementary-material
https://doi.org/10.1056/NEJM199711203372106
https://doi.org/10.1016/j.jaut.2019.102397
https://doi.org/10.1007/s00296-019-04410-9
https://doi.org/10.1038/s41584-018-0145-y
https://doi.org/10.1056/NEJMoa1404231
https://doi.org/10.1177/20543581221129959
https://doi.org/10.1089/hum.2006.0101
https://doi.org/10.1182/blood-2018-06-856500
https://doi.org/10.1038/s41586-020-2668-z
https://doi.org/10.1136/ard-2022-223764
https://doi.org/10.1681/ASN.2019020213
https://doi.org/10.1056/NEJMra041809
https://doi.org/10.1136/ard-2024-225587
https://doi.org/10.1136/ard-2024-225587
https://doi.org/10.3324/haematol.2023.283057
https://doi.org/10.1007/s00296-019-04292-x
https://doi.org/10.3390/jcm9124034
https://doi.org/10.1186/s40164-020-00163-5
https://doi.org/10.1186/s40164-020-00163-5
https://doi.org/10.1016/j.ejphar.2021.173958
https://doi.org/10.1177/0960327120909880
https://doi.org/10.1016/j.jaut.2019.07.001
https://doi.org/10.1182/bloodadvances.2024015271
https://doi.org/10.1681/ASN.0000000000000274
https://doi.org/10.3389/fimmu.2025.1600250
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Case Report: Dual immunomodulatory and hematologic benefits of rituximab in refractory anemia of ANCA-associated vasculitis
	1 Introduction
	2 Case presentation
	3 Discussion and conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


