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Abstract
C1q deficiency is a rare inborn error of immunity characterized by increased susceptibility to infections and autoimmune 
manifestations mimicking SLE, with an associated morbidity and mortality. Because C1q is synthesized by monocytes, to 
date, four patients treated with allogeneic HSCT have been reported, with a positive outcome in three. We conducted an 
international retrospective study to assess the outcome of HSCT in C1q deficiency. Eighteen patients, fourteen previously 
unreported, from eleven referral centres, were included. Two patients had two HSCTs, thus 20 HSCTs were performed in 
total, at a median age of 10 years (range 0.9—19). Indications for HSCT were autoimmune manifestations not controlled by 
ongoing treatment in seventeen, and early development of MALT lymphoma in one patient. Overall survival (OS) was 71% 
and event-free survival was 59% at two years (considering an event as acute GvHD ≥ grade III, disease recurrence and death). 
In eleven patients HSCT led to resolution of autoimmune features and discontinuation of immunosuppressive treatments 
(follow-up time range 3–84 months). Five patients died due to transplant-related complications. Patients with a severe auto-
immune phenotype, defined as neurological and/or renal involvement, had the worst OS (40% vs 84%; p = 0.034). Reviewing 
data of 69 genetically confirmed C1q deficient patients, we found that anti-Ro antibodies are associated with neurologic 
involvement, and anti-RNP and anti-DNA antibodies with renal involvement. In conclusion, HSCT may be a valid curative 
option for C1q deficiency, but careful selection of patients, with an accurate assessment of risk and benefit, is mandatory.
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Introduction

C1q deficiency is a rare autosomal recessive inborn error 
of immunity (IEI) caused by biallelic mutations in one of 
the three C1q genes (C1QA, C1QB, and C1QC) [1]. C1q 
is the first molecule of the classical complement pathway 
and plays a major role in the innate immune response, and 
clearance of immune complexes and apoptotic cells [2–4]. 
The first case of C1q deficiency was reported in 1978, 
describing a 10-year-old boy with recurrent skin lesions 
and chronic infections [5].

Since then, more cases have been described with a vari-
able clinical phenotype that ranges from severe infections 
(e.g. meningitis) to autoimmune manifestations, mirroring 
the complex physiological role of C1q [6, 7]. Autoimmun-
ity was the most prominent finding in a description of the 
clinical manifestations of 71 C1q deficient patients, where 
more than 75% of cases fulfilled the classification crite-
ria for systemic lupus erythematous (SLE) or a lupus-like 
syndrome (according to the 1997 American College of 
Rheumatology criteria [8]) with a great number of severe 
cases with renal (31%) and central nervous system (CNS) 
involvement (20%) [9]. Of note, in comparison with spo-
radic SLE, C1q deficiency is characterized by an earlier 
disease onset, more extensive cutaneous involvement and 
a different autoantibody profile with a lower frequency of 
anti-dsDNA antibodies [9].

As described in sporadic SLE, hyperactivation of inter-
feron-alpha (IFN-α) signalling sustains the autoimmune 
response [10, 11]. Indeed, C1q is required to inhibit IFN-α 
production by plasmacytoid dendritic cells [12], and thus 
the absence of C1q leads to IFN-α dysregulation. For that 
reason, C1q deficiency has been suggested to be a Men-
delian type I interferonopathy [13]. Management includes 
corticosteroids and immunosuppressive drugs to control the 
immune dysregulation, combined with antibiotic prophylaxis 
when needed. Administration of C1q through fresh frozen 
plasma (FFP) has shown some effectiveness in attenuating 
disease features but does not provide a definitive and per-
manent treatment [14–16]. Unfortunately, in some patients, 
despite the use of multiple therapies, the disease remains 
uncontrolled with consequent high disease burden, organ 
damage and mortality at a young age [6]. As C1q is mainly 
produced by monocytes (in contrast to other complement 
proteins that are mainly produced by hepatocytes), it was 
hypothesised that allogeneic hematopoietic stem cell trans-
plantation (HSCT) could be a definitive treatment for this 
disorder [17]. In C1q-knockout mice, the transplantation of 
stem cells from wild-type animals restored C1q levels with 
consequent resolution of autoimmunity [18, 19].

To date, four patients with C1q-deficiency treated 
by HSCT have been reported. In three, HSCT led to 

normalization of complement activity and consequent 
disease resolution. Unfortunately, one patient died from 
HSCT-related complications [20–22]. Considering the 
variable clinical presentation with different patterns of 
disease severity, more information about HSCT indica-
tions and efficacy for C1q deficiency is needed.

Here, we describe fourteen previously unreported patients 
with C1q deficiency who were treated with HSCT, and 
we provide an update on two previously published cases. 
Finally, we review the main clinical features, genetic muta-
tions, and anti-nuclear antibody (ANA)-specificity of our 
cohort and of previously described genetically confirmed 
C1q deficient patients, to identify possible markers of dis-
ease severity.

Methods

Data Collection of Transplant Patients

A retrospective data collection of clinical, laboratory and 
immunological features from written and electronic medical 
records of C1q deficient patients treated with HSCT across 
eleven different referral centres in the world was performed. 
Patients were identified through the Center for International 
Blood and Marrow Transplant Research (CIBMTR), Pri-
mary Immune Deficiency Treatment Consortium (PIDTC), 
European Bone Marrow Transplant (EBMT) and Stem Cell 
Transplantation for Immunodeficiencies in Europe (SCE-
TIDE) registries and personal contact with physicians who 
had transplanted patients. A review, and when possible, an 
update, of already reported cases was performed. For all 
patients, families had given prior written consent.

Patients were classified as 'severe autoimmune phenotype' 
based on the presence of significant extracutaneous involve-
ment (neurological and/or renal disease).

Literature Review

We retrieved data on 77 genetically confirmed C1Q deficient 
patients from the recent article by Triaille and colleagues 
[23] identified by a Pubmed search with the term “C1Q defi-
ciency” for the period from December 2011 to January 2024, 
and retrieving cases described before January 2011 from 
systematic reviews conducted by Schejbel and colleagues 
[1], and Jlajla and colleagues [24].

For each patient data on gene mutations, anti-nuclear 
antibody specificity and main clinical manifestations cat-
egorised as major infections, mucocutaneous, CNS, and 
renal involvement were collected. We defined CNS involve-
ment as a non-infectious inflammatory/degenerative process, 
excluding meningitis and other infectious events, and includ-
ing CNS vasculitis, myelopathy, cerebral atrophy and basal 
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ganglia calcification. We defined renal involvement as lupus-
like glomerulonephritis. Data on more rare clinical features 
were not collected. The CNS and/or renal involvement was 
considered as a marker of severe disease phenotype.

In the subgroup of patients with available details on 
molecular lesion and specific autoantibody profile we inves-
tigated whether specific gene mutations and/or autoantibody 
subsets were associated with severe disease phenotype.

Statistical Tests

Quantitative variables were summarised as medians with 
ranges, and categorical variables as numbers and percent-
ages of the group. The overall survival (OS) and the event 
free survival (EFS) were captured using the Kaplan–Meier 
method. We considered as an event: acute (a)GvHD ≥ grade 
III, disease recurrence due to loss of chimerism, and death. 
The Log-rank test was used to compare OS and EFS 
between patients with mild and severe disease phenotype. 
Chi-squared testing was used to assess possible association 
between defined gene mutations and presence of specific 
autoantibody with different clinical manifestations.

Results

Features of HSCT Population

The study included 18 C1q deficient patients from 11 refer-
ral centres, of whom 14 were previously unreported. In addi-
tion, two of four previously reported cases (P15, P16, P17, 
P18) were updated (Data summarized in Table 1).

Eleven (61%) patients were female. The median age at 
disease onset was 2.5 years (range, 0.5 months – 9 years). 
The C1q genetic defect was determined in 17 patients, 
with mutations in C1QA in 11, C1QB in 4 and C1QC in 
2 patients. The most frequent variant was Gln208X in the 
C1QA gene, present in 6 patients. P14 and P15 were siblings 
with the same homozygous mutation (c.187 + 1G > T).

All patients demonstrated an autoimmune/autoinflam-
matory phenotype with a broad spectrum of clinical mani-
festations: mucocutaneous involvement was reported in 
all 18 patients in combination with cytopenia in 7 cases 
(39%), neurologic involvement in 5 cases (28%) and glo-
merulonephritis in 2 cases (11%). Three patients (17%) had 
lymphoproliferation-associated disorders, such as lymphad-
enitis and splenomegaly, and one patient (P6) developed 
mucosa-associated lymphoid tissue (MALT) lymphoma in 
the context of Sjogren syndrome. Eight (44%) patients had 
exhibited symptoms including recurrent fever, arthralgia, 
and weight loss.

All these disease manifestations resulted in a significant 
disease burden, that required use of steroids and/or various 

immunosuppressive treatments leading to important side 
effects such as osteonecrosis, hypertension, and growth 
retardation. In 8 patients (44%) FFP infusions were given 
in conjunction with immunosuppressive drugs. In 6 cases 
(33%) severe and/or recurrent infections were reported and 
7 patients (39%) were receiving antibiotic prophylaxis. Of 
note, only three patients had history of severe infections with 
one case of S. pneumoniae sepsis (P3) and two cases of 
meningitis (P16, P18).

Markers of Disease Severity

We reviewed 89 patients with genetically confirmed C1Q 
deficiency (including 14 previously unreported cases from 
our cohort). To the cohort of 77 patients C1Q analysed by 
Triaille and colleagues [23], (which already included P2, P3, 
P15, P17, P18), we have added 12 genetically confirmed C1q 
deficient patients from our cohort (P1, P4, P5, P6, P7, P8, 
P9, P10, P11, P12, P13, P14).

Variants were seen in C1QA, CQ1B, and CQ1C in 56%, 
12%, and 32% of the 89 patients, respectively.

The most frequent mutations were Gln208X in C1QA 
reported in 31 cases (35%), Arg69X in C1QC reported in 8 
cases (9%) and Gly34Arg in C1QC in 8 cases (9%).

In 69 patients, mutation data were available, specific 
autoantibodies were tested and main clinical manifestations 
were recorded. In this subgroup of patients, we investigated 
if specific genotypes and/or autoantibody subset were associ-
ated with an autoimmune-driven CNS or renal involvement.

As in our 18 transplant patients, in this larger cohort the 
mucocutaneous involvement was the most common manifes-
tation, reported in 62 (90%), and a significant percentage of 
patients 21 (30%) had neurologic involvement. On the other 
hand, patients with renal involvement and severe infections 
were more frequent in this cohort, respectively 16 (23%) 
and 21 (30%).

We found no association between the three most frequent 
gene variants (Gln208X, Arg69X, Gly34Arg) and different 
clinical manifestations. Anti-nuclear antibody (ANA) titres 
were positive in 65 (94%) of patients, with anti-Ro specific-
ity in 37/69 (54%), anti-Sm in 32/65 (49%), anti-RNP in 
22/65 (34%) and anti-DNA in 13/65 (20%).

Analysing different autoantibody specificities, we found 
that anti-Ro associated with CNS involvement (OR 4.11; 
IC95% 1.30–13.10) and anti-RNP and anti-DNA with renal 
involvement (respectively OR 5.69; IC95% 1.72–18.9 and 
OR 6.09; IC95% 1.66–22.40) (Fig. 1).

HSCT Details and Outcome

Two patients (P3, P13) had two HSCTs, thus 20 HSCTs 
were performed in total (Table 2). In 17/18 patients the 
indication for HSCT was the persistence of symptoms 
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groups defined according to the presence or absence of CNS and renal involvement: No-CNS, CNS, No-Renal 
and Renal. 

No-CNS (n 48) CNS (n 21) p OR 95%CI

Gln208X (n 22) 16 (33%) 6 (29%) 0.696 0.80 (0.26-2.45)

Arg69X (n 7) 4 (8%) 3 (14%) 0.451 1.83 (0.37-9.03)

Gly34Arg (n 7) 4 (8%) 3 (14%) 0.451 1.83 (0.37-9.03)

ANA + (n 65) 45 (94%) 20 (95%) 0.808 1.33 (0.13-13.60)

-Ro (n 37) 21 (45%) 16 (76%) *0.013 4.11 (1.30-13.10)

-Sm (n 32) 23 (48%) 9 (43%) 0.698 0.82 (0.29-2.29)

-RNP (n 22) 14 (29%) 8 (38%) 0.464 1.49 (0.51-4.39)

-DNA (n 13) 8 (17%) 5 (24%) 0.485 1.56 (0.44-5.50)

No-Renal (n 53) Renal (n 16) p OR 95%CI

Gln208X (n 22) 16 (30%) 6 (38%) 0.582 1.39 (0.43-4.47)

Arg69X (n 7) 4 (8%) 3 (19%) 0.193 2.83 (0.56-14.20)

0%

20%

40%

60%

80%

100%

Gln208X Arg69X Gly34Arg ANA + An�-Ro An�-Sm An�-RNP An�-DNA

No-CNS CNS

0%

20%

40%

60%

80%

100%

Gln208X Arg69X Gly34Arg ANA + An�-Ro An�-Sm An�-RNP An�-DNA

No-Renal Renal

Gly34Arg (n 7) 6 (11%) 1 (6%) 0.556 0.52 (0.06-4.69)

ANA + (n 65) 50 (94%) 15 (94%) 0.930 0.90 (0.09-9.30)

-Ro (n 37) 26 (49%) 11 (94%) 0.166 2.28 (0.70-7.48)

-Sm (n 32) 25 (47%) 7 (44%) 0.810 0.87 (0.28-2.68)

-RNP (n 22) 12 (23%) 10 (63%) *0.003 5.69 (1.72-18.90)

-DNA (n 13) 6 (11%) 7 (44%) *0.004 6.09 (1.66-22.40)

Fig. 1  Possible markers of disease severity. Data are summarised as the percentage of specific mutations and autoantibodies within four different 
clinical groups defined according to the presence or absence of CNS and renal involvement: No-CNS, CNS, No-Renal and Renal
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despite ongoing treatments. P6 underwent HSCT because 
of high-risk disease with early development of MALT lym-
phoma on a background of Sjogren syndrome, quiescent 
at the time of HSCT (Fig. 2 summarises the main baseline 
features and the overall HSCT outcome).

The median age at HSCT was 10 years (range 0.9—19 
years) with a median time between symptom onset and 
HSCT of 7.2 years (range 0.8 – 14 years). Different donors 
were used: 5 (25%) matched sibling donors (MSD), 3 
(15%) matched related donors (MRD), 7 (35%) matched 
unrelated donors (MUD), 1 (5%) mismatched related 
donor (MMRD) and 4 (20%) mismatched unrelated donors 
(MMUD). The stem cell source was bone marrow in 10 
cases (50%) and peripheral blood stem cells (PBSC) in 
the remaining cases. Different conditioning regimens were 
used, both myeloablative and reduced toxicity, based on 
Treosulfan in 10, Melphalan in 7 and Busulfan in 3 cases.

All patients achieved neutrophil engraftment after a 
median of 15 days (range 9 – 36 days). The OS in the 
whole group was 71% (95%CI 44–87%) at 2 years and the 
EFS was 59% (95%CI 32–78%) at 2 years (Fig. 3 ).

Seven patients (39%) developed aGvHD of at least over-
all grade II, with involvement of skin in three (P1, P6, 
P13.2), gut in three (P7, P9 and P17) and both skin and 
gut in two patients (P10, P13.1). Of note, P13 developed 
aGvHD both after the first and the second HSCT. Only one 
patient (P6) reported chronic GvHD of the lung (bronchi-
olitis obliterans).

In 11 patients (61%), HSCT led to resolution of auto-
immune features allowing for discontinuation of immu-
nosuppressive treatment (median follow-up time since 
HSCT 33 months, range 3–84 months). In ten, there was a 
documented normalization of the function of the classical 
complement pathway (CH50) and/or of C1q level after 
HSCT (P10 had no available CH50 and C1q level post-
HSCT) (Supplementary Table 1).

Ten patients demonstrated full donor chimerism at the 
time of last follow up and one (P18) had mixed monocyte 

chimerism (45%) at 24 months maintaining good CH50 
value and disease remission. In this group, 3 patients 
(P1, P6, P10) developed aGvHD of at least grade II. Two 
patients (P16 and P18) had Epstein-Barr Virus (EBV) 
reactivation with consequent development of post-trans-
plant lymphoproliferative disorder (PTLD) in P18, both 
treated successfully with Rituximab.

After initial engraftment, three patients (P3, P4, P13), 
experienced secondary graft loss with a recurrence of 
autoimmunity. Two of them received a reduced intensity 
conditioning regimen, based on Treosulfan and Fludara-
bine in P3 and P4 and one received a reduced toxicity con-
ditioning based on Busulfan (total dose received 177 mg/
kg; target AUC 60–70 mg*h/L) and Fludarabine in P13.

P4 reached a chimerism of less than 20% 14 months after 
HSCT with a simultaneous drop of the C1q and CH50 levels 
and consequent recurrence of malar rash and oral ulcers that 
required further treatment with hydroxychloroquine and FFP 
infusions.

The first HSCT of P13 was complicated by grade III acute 
GVHD involving the skin and gut and by a severe autoim-
mune pancytopenia requiring treatment with steroids and 
immunosuppressors. After 146 days, she had secondary 
graft failure. Due to persistence of pancytopenia (consid-
ered as a possible manifestation of the underlying disorder), 
she underwent a second HSCT 9 months later achieving 
normalization of complement activity with initial improve-
ment of pancytopenia. However, one month after the second 
procedure, she developed autoimmune haemolytic anaemia 
(likely transplant-related considering the persistence of 99% 
chimerism) that still requires treatment with steroids, cyclo-
sporine, and Rituximab.

P3 had 7% chimerism 3 months after mismatched carrier 
related-donor HSCT. The nucleated cell dose in the graft 
was lower than desired (1.9 × 10^8/kg vs 3.0 × 10^8/kg as 
centre target dose). Despite initial normalization of classical 
complement function and disease control, 27 months after 
the HSCT she relapsed with CNS vasculitis (at that time 

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18
Mucocutaneous involvement  

Cytopenia 

Neurological involvement 
Renal involvement 

Musculoskeletal involvement
Systemic symptoms *

HSCT outcome 1st 2nd 1st 2nd

Fig. 2  Clinical features and HSCT outcome. Gray squares represent 
the presence of a clinical feature/phenotype. Green squares indi-
cate that patients survive after HSCT. Yellow squares indicate that 
patients had a graft failure. Red squares indicate that patients died 

after HSCT. For patients P3 and P13 that had two HSCT the outcome 
of both transplants is indicated. * Recurrent fever, arthralgia and 
weight loss
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the chimerism was 0%), requiring treatment with high dose 
of steroids, mycophenolate mofetil (MMF) and Rituximab. 
Considering the severity of the disorder, a second HSCT 
was attempted 4 years after the initial transplant. Despite 
establishing neutrophil engraftment, she developed progres-
sive and irreversible respiratory failure secondary to asper-
gillus pneumonia and died 32 days after HSCT. Four other 
patients (P7, P9, P12 and P17) died after establishing neu-
trophil engraftment: a 13-year-old girl (P7), 3 months after 
HSCT, with multiorgan failure (MOF) secondary to trans-
plant-associated thrombotic microangiopathy (TA-TMA), 
gastrointestinal GVHD (grade IV) and acute respiratory 
distress syndrome due to Methicillin-Resistant Staphylococ-
cus Aureus (MRSA) pneumonia; a 16 year old girl (P9) with 
encephalopathy due to idiopathic hyperammonaemia after 
acute gastrointestinal GVHD (grade III); a 1 year old boy 
(P12) with respiratory failure secondary to cytomegalovirus 
(CMV) pneumonia; and a 9-year-old boy (P17), 4 months 
after HSCT, with MOF due to gastrointestinal acute GVHD 
(grade II) occurring after lymphocyte infusion for EBV-
PTLD [20]. Of note, P3, P7 and P17 had a severe underlying 
disorder with neurologic involvement. Additionally, P7 had 
glomerulonephritis (grade IV) with active proteinuria and 
pulmonary hypertension at the time of HSCT.

At the time of HSCT, P9 was 16 years old and exhibited 
severe cutaneous and musculoskeletal involvement causing a 
very low performance status (Lansky score 30). After HSCT, 
she developed mood disorders with fluctuation in the level of 
consciousness secondary to idiopathic hyperammonaemia. 

At that time the chimerism was 95% (C1q and CH50 level 
not available). Due to the subsequent rapid deterioration of 
the neurological picture to death, cerebral magnetic reso-
nance imaging (MRI) was not performed, and the cause of 
the encephalopathy remained undetermined. Underlying 
disease-related CNS involvement cannot be excluded given 
the absence of pre-transplant brain imaging.

Even though HSCT was performed at an early age before 
the development of organ damage, P12 died of CMV pneu-
monia. CMV serostatus was positive in the recipient and 
negative in the donor, and a CD34 + selected graft was used.

Overall, 5 patients (28%) had a baseline neurologic and/or 
renal involvement, both clinical markers of disease severity. As 
summarized in Fig. 4, the OS at 2 years in this subgroup was 
lower in comparison with the OS in the subgroup of patients 
without these complications (40% vs 84%; p = 0.034). We did 
not find any significant difference in the EFS between the two 
groups (60% vs 59%; p = 0.596) 

Discussion

Here, to our knowledge, we describe the largest cohort of 
C1q deficient patients treated with allogenic HSCT. Our 
findings strengthen previous case reports suggesting that 
HSCT may be a valid curative treatment, leading to res-
toration of the classical complement pathway, stable clini-
cal remission and discontinuation of immunosuppressive 

2 years EFS 59 % 

2 years OS  71% 

Fig. 3  Overall survival (OS) and Event Free Survival (EFS) of the 
whole cohort. The overall survival at two years was 71% (95%CI 
44–87%). For patients who had two HSCT, 2nd HSCT was con-

sidered as baseline. The event free survival at two years was 59% 
(95%CI 32–78%). Event: aGvHD ≥ grade III; disease recurrence due 
to loss of chimerism; death
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treatments. In our cohort, the two-year OS was 71% and a 
long-term clinical response was obtained in 61% of patients. 
These data are comparable with a previous study on 128 
patients with a large variety of severe autoimmune disorders 
treated with allogeneic HSCT, where OS was 70% at 5 years 
and 67% of patients reached a complete clinical response 
[25]. By contrast with this study, in which the non-relapse 
mortality was 21% at 5 years, in our cohort all deaths were 
transplant related.

In our case series, different kinds of donors were used, 
both matched and unmatched, as well as different condition-
ing regimens, including myeloablative and reduced toxic-
ity protocols. Considering the limitation of the low number 
of patients it was not possible to find any clear correlation 
between donor type and conditioning regimen with HSCT 
outcome.

Given the improvement of outcomes in mismatched/
haploidentical HSCT in patients with IEI, using TCR α-β 
depletion or post-transplant cyclophosphamide [26, 27], we 
could assume that these techniques may be a valid alterna-
tive approach also in C1q deficient patients in the absence of 
a well-matched donor. Indeed, among our cohort, one patient 
successfully underwent TCR α-β depleted transplant from a 
MMUD, with subsequent disease resolution, despite grade II 
aGvHD of the skin and HHV6 viraemia, successfully treated 
without any sequelae.

Due to the small numbers of patients, we cannot pro-
vide strong evidence on the impact of different condition-
ing regimens, but we could draw some provisional conclu-
sions. First, we observed secondary graft failure in three 
patients after RTC in one and RIC in two of them, raising 

the question that a more robust conditioning may be needed 
to control the underlying immune-dysregulation and reach 
stable graft persistence. On the other hand, considering that 
mixed myeloid chimerism seemed to be sufficient to main-
tain disease control, a reduced intensity approach might be 
a valid option to minimize toxicity, as suggested in other IEI 
[28]. Further studies with larger sample sizes are needed to 
determine the best conditioning approach in these patients.

In terms of HSCT-related complications, three of four 
previously reported patients experienced post-transplant 
EBV reactivation, which resulted in PTLD in two. This 
raised concerns as to whether C1q deficient patients might 
be more susceptible to EBV reactivation [20–22]. We can-
not confirm this association because no other cases of EBV 
reactivation were found in our cohort.

Perhaps due to the underlying immune dysregulation, we 
observed a high rate of inflammatory-mediated complica-
tions, with aGvHD of at least maximum overall grade II in 7 
patients (39%) and development of haemolytic autoimmune 
anaemia in one patient. We speculate that an optimization 
of pre-transplant disease control, using for example specific 
bridging therapies (i.e. FFP, JAK inhibitors and type I inter-
feron receptor blockade), may be helpful to achieve the best 
performance status before transplant, reducing the risk of 
transplant-related complications and graft failure.

As previously suggested, our review confirmed the varia-
ble clinical picture, with prominent mucocutaneous involve-
ment associated with a significant percentage of neurologi-
cal involvement. Renal disease and severe infections were 
less frequent in the transplant cohort in comparison with the 
larger cohort of reviewed cases.

*p=0.034

No-severe disease group

Severe disease group

p=0.596

Fig. 4  Comparison of overall survival and of event free survival 
between patients with severe and no-severe baseline disease. The 
presence of neurological and/or renal involvement were considered 
as markers of severe disease. Patients in severe group had worst OS 

(40% vs 84%; p = 0.034), while there was no difference in EFS at two 
years (60% vs 59%; p = 0.596) between the two groups. In the overall 
survival analys for the patients who had two HSCT, 2nd HSCT was 
considered as baseline
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As already reported in the literature, C1q deficiency can be 
associated with variable disease severity even within the same 
family, with some cases harbouring pathogenic biallelic muta-
tions remaining asymptomatic throughout their lifetime [6, 7, 
24]. In line with this, we did not find an association between 
different mutations and different patterns of clinical manifesta-
tions, perhaps consistent with a role of epigenetic and environ-
mental factors as in SLE pathogenesis [29]. According to van 
Schaarenburg et al., mortality is estimated to be 20% before the 
age of 20 years [6]. However, it is important to interpret this 
finding with caution due to the possibility of an underestimation 
caused by the high number of cases lost to follow up, as well as 
an overestimation due to the presence of unrecognized patients.

Given these data, it is clear that a careful assessment of 
the risk and benefit of HSCT must be undertaken. On one 
hand, considering the related risk, HSCT should be consid-
ered only in patients where symptom control is not achiev-
able with standard immunosuppressive treatments. On the 
other hand, it is important to transplant patients before the 
development of irreversible organ damage. Indeed, in our 
cohort, we showed that the OS after HSCT was worst in 
patients with severe autoimmune disease with extracutane-
ous involvement. In this regard, the definition of accurate 
predictors of disease severity would be helpful.

Triaille et al. have recently confirmed that C1q deficient 
patients demonstrate activation of the type 1 interferon 
pathway with elevated serum and cerebrospinal fluid levels 
of IFNα protein and an elevated expression of interferon-
stimulated genes (ISGs) (a so-called interferon signature). 
Of note, ISG expression was corrected after HSCT in two 
patients who were evaluated here [23]. Thus, the evaluation 
of ISGs in blood might be a useful tool in patient assess-
ment. In line with this concept, a higher ISGs expression has 
been reported to predict progression from ANA positivity 
to autoimmune connective tissue diseases in adult patients, 
thereby potentially allowing for risk stratification [30].

Based on the association between different autoantibod-
ies and various clinical manifestations in rheumatic autoim-
mune disorders, we investigated if different auto-antibody 
profiles were associated with distinct organ involvement in 
C1q deficiency. We found that anti-Ro seems to be associ-
ated with neurological involvement, and anti-RNP and anti-
DNA with renal involvement (although this result should be 
interpreted with caution due to lack of standardized meas-
urements between different laboratories). The literature has 
already described levels of IFN strongly correlated with the 
levels of anti-Ro [12], thus supporting their possible role 
as markers of IFN dysregulation. Further larger prospective 
studies are needed to investigate the role of autoantibodies 
and interferon status in the assessment of patients with C1q 
deficiency, with the aim of early identification of patients at 
risk of severe disease, who may benefit from HSCT.

Given the rarity of the disease, this study is limited by 
the retrospective design, the small sample size, the wide 
heterogeneity of the disorder, transplant approaches and 
the limited follow-up. Moreover, due to the retrospective 
design, some patients had missing data regarding the length 
of GvHD prophylaxis and clinical details (such as definitive 
evidence of the autoimmune nature of cytopenias). However, 
the collective data that we report indicate that HSCT is a 
valid curative option in a specific subgroup of C1q deficient 
patients. In future, a more careful selection of patients and 
an optimization of HSCT, with possible use of therapies 
directly targeting IFNα (such as type I interferon receptor 
blockade and JAK inhibitors) as a “bridge to transplant”, 
may guide a tailored approach and to achieve improved 
outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10875- 024- 01819-1.
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