
Original Article / Orijinal Araştırma

154

©2023 The Author. Published by Galenos Publishing House on behalf of Turkish Society for Rheumatology.

This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.
©2023 Yazar. Türk Romatoloji Derneği adına Galenos Yayınevi tarafından yayımlanmıştır.

Creative Commons Atıf-GayriTicari-Türetilemez 4.0 (CC BY-NC-ND) Uluslararası Lisansı ile lisanslanmış, açık erişimli bir makaledir.

Hypogammaglobulinemia and severe infection risk in 
patients with autoimmune diseases during rituximab 
treatment
Otoimmün hastalığı olan hastalarda rituksimab tedavisi sırasında hipogamaglobulinemi ve 
enfeksiyon riski

Cor res pon den ce / İletişim:
Sema Kaymaz Tahra MD, Sancaktepe Prof. Dr. İlhan Varank Training and Research Hospital, Clinic of Rheumatology, İstanbul, Turkey 
Phone: +90 216 606 33 00 E-mail: dr.smkaymaz@gmail.com ORCID ID: orcid.org/0000-0001-5706-4943 
Re cei ved / Ge liş Ta ri hi: 13.07.2023 Ac cep ted / Ka bul Ta ri hi: 12.09.2023

Cite this article as / Atıf: Kaymaz Tahra S, Alibaz-Öner F, Kaplan T, Yalçınkaya Y, İnanç N, Atagündüz MP, Barutcu Ataş D, Aşıcıoğlu E, Serhan Tuğlular Z, 
Direskeneli H. Hypogammaglobulinemia and severe infection risk in patients with autoimmune diseases during rituximab treatment. 
Ulus Romatol Derg 2023;15(3):154-161

Öz

Amaç: Bu çalışmanın amacı rutin takip sırasında romatizmal hastalığı 
için rituksimab (RTX) alan hastalarda hipogamaglobulinemi (HGG) ve 
ciddi enfeksiyon sıklığı ve ilişkili faktörleri değerlendirmektir.

Yöntem: Marmara Üniversitesi Romatoloji Kliniği’nde takip edilen 
ve RTX tedavisi alan hastalar retrospektif olarak değerlendirildi. 
İmmünoglobulin (Ig) G, IgM, IgA seviyeleri ve klinik bulgular hasta 
dosyalarından elde edildi. HGG sıklığı ve ilişkili faktörler değerlendirildi. 
Ciddi enfeksiyonlar da ayrıca analiz edildi.

Bulgular: Çalışmaya toplam 144 hasta dahil edildi (K/E: 105/39, 
ortalama yaş 52,8±13,8). Hastaların çoğunluğunda (%67) tanı 
romatoid artrit (RA) idi. Herhangi bir subgrup HGG %30 (43/144) 
hastada gözlendi. İzlem sırasında 17 (%11,8) hasta düşük IgG, 37 
(%26) hasta düşük IgM, 7 (%4) hasta ise düşük IgA seviyelerine 
sahipti. RA, bağ doku hastalıkları ve anti-nötrofil sitoplazmik antikor 
ilişkili vaskülitlerde HGG oranı benzerdi (sırasıyla %25, %30, %47, 
p=0,13). HGG erkeklerde (p=0,028), kümülatif RTX dozu yüksek olan 
hastalarda (p=0,006) ve hipertansiyonu olan hastalarda (p=0,033) daha 
sık idi. Eşlik eden hastalık modifiye edici anti-romatizmal ilaç kullanımı, 
glukokortikoid ve siklofosfamid kullanım öyküsü HGG ile ilişkili değildi. 
RTX ile metotreksat kullanımı HGG gelişimi için koruyucu bir faktördü 
(HGG oranı metotreksat +vs -: %12 vs %33, p=0,032). HGG gelişen 
2 (%5) hastaya intravenöz immünoglobulin verildi. Yirmi yedi (%18) 
hastada ciddi enfeksiyon geliştiği görüldü. Çok değişkenli analizde 
düşük IgG seviyeleri [IgG düzeyi risk oranı (RO) (%95 güven aralığı 
[GA]) 0,82 (0,70-0,96), p=0,018] ve kronik akciğer hastalığı (KAH) 

Abstract

Objective: To assess the frequency and related factors of 
hypogammaglobulinemia (HGG) and severe infections in patients who 
received rituximab (RTX) for rheumatic diseases during routine follow-
up.

Methods: Patients who were followed in Marmara University 
Rheumatology Clinic and received RTX are evaluated retrospectively. 
The immunoglobulin (Ig) G, IgM, IgA levels and clinical manifestations 
were obtained from patient files. The HGG frequency and related 
factors were assessed. Severe infections were also analysed.

Results: A total of 144 patients were included (F/M: 105/39, mean 
age 52.8±13.8). In the majority of the patients (67%) the diagnosis 
was rheumatoid arthritis (RA). At least one subgroup of HGG was 
observed in 30% (43/144) of the patients. During follow-up 17 
(11.8%) patients had low IgG, 37 (26%) low IgM, and 7 (4%) had 
low IgA levels. HGG rate was similar between RA, connective tissue 
diseases and anti-neutrophil cytoplasmic antibody associated vasculitis 
patients (25%, 30%, 47%, respectively, p=0.13). HGG was more 
frequent in men (p=0.028), in patients with higher accumulated RTX 
dose (p=0.006) and with hypertension (p=0.033). Concomitant use of 
disease-modifying anti-rheumatic drugs, glucocorticoid use and prior 
cyclophosphamide was not associated with higher HGG. Methotrexate 
use with RTX was a protective factor for HGG (HGG rate methotrexate 
+ vs -: 12% vs 33%, p=0.032). Two patients with HGG (5%) received 
intravenous immunoglobulin replacement. Twenty-seven patients 
(18%) had severe infections. Lower IgG levels [IgG levels odds rato (OR)
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Introduction

Rituximab (RTX) which targets CD20 expressing 
B-cells, is indicated in a wide spectrum of diseases such as 
rheumatoid arthritis (RA) and anti-neutrophil cytoplasmic 
antibody associated vasculitis (AAV). In addition, RTX is 
used in the treatment of other rheumatic diseases including 
systemic lupus erythematosus (SLE) and Sjögren syndrome 
(SS) which are resistant to multiple other treatment 
options.[1-5]

The development of hypogammaglobulinemia (HGG) 
has been reported after repeated doses of RTX and being 
explored increasingly.[6] However, this effect is expected to 
be temporary since stem cells are not targeted.[7] Although 
B cell depletion is expected to last for 6-9 months after 
RTX infusion, it has been reported that this period may 
be longer in some of the patients.[8] HGG duration was 
prolonged to 18-24 months in patients receiving additional 
chemotherapy due to malignancy.[9] In a review evaluating 
HGG and infection risk in patients receiving RTX, 
malignancy, pre-treatment low immunoglobulin (Ig) levels, 
cumulative RTX dose, baseline Ig levels and concomitant 
use of immunosuppressives such as mycophenolate mofetil 
(MMF) or purine analogues were found to increase the risk 
of HGG.[10]

There are conflicting data in the literature regarding the 
development of serious infections due to RTX treatment 
and RTX related HGG.[3,8,11,12] Although RTX seems safe in 
initial studies, subsequent studies have shown that RTX may 
increase the risk of severe infections.[8] Especially low IgG 
levels were reported to be associated with increased serious 
infections.[4,13] Older age, the number of RTX courses, 
prolonged low IgG levels, granulocyte colony-stimulating 
factor use, chronic lung disease (CLD), cardiac insufficiency 
and extra-articular involvement in RA patients were other 
risk factors for infections in patients under treatment with 
RTX.[10]

In this study we aimed to assess HGG, severe infection 
rates and related factors in patients receiving RTX 
treatment.

Materials and Methods

Consecutive patients who were followed in Marmara 
University Rheumatology Clinic and received RTX therapy 
between October 2016 and January 2019 were involved in 
this retrospective cohort study. The study was approved by 
the local Ethics Committee (no: 09.2023.1332). All patients 
received at least one course of RTX. Patients who did not 
complete at least 1 course of RTX treatment were excluded 
from the study. In routine practice, RTX was administered 
as 1.000 mg on 1st and 14th days every 6 months, unless lower 
doses deemed appropriate.

IgG, IgA, and IgM levels which were tested during 
routine follow-up. Ig levels were measured 6 months 
after the previous RTX dose and before the next infusion. 
Normal ranges were 6.5-16 g/L for IgG, 0.4-3.5 g/L for IgA 
and 0.5-3 g/L for IgM g/L based on our local laboratory 
cut-off values. In addition, IgG levels between 5-6.5 g/L 
was defined as mild, 3-5 g/L as moderate, <3 g/L as severe 
HGG.[14] Severe infection was defined as infection requiring 
parenteral antibiotic therapy or hospitalization.[3]

Additional data including age, gender, disease duration, 
comorbidities, previous cyclophosphamide (CyC) and 
concomitant immunosuppressive use, concomitant 
glucocorticoid (GC) use and cumulative RTX dose were 
recorded from patient files.

Statistical Analysis

SPSS statistics 22 was used for the statistical analysis. 
Dichotomous variables were expressed as number and 
frequencies. The continuous variables were expressed 
as mean ± standard deviation (SD) in case of normal 
distribution. In non-normal distribution median (25-75 

[KAHv arlığı RO (%95 GA) 3,7 (1,2-10,8), p=0,017] ciddi enfeksiyonda 
artış ile ilişkili idi. İzlem sırasında 38 hastada ölüm görüldü. Mortalite 
HGG gelişen hastalarda daha sık idi [mortalite oranı HGG+ vs HGG -: 
%40 (17/43) vs %21 (20/101), p=0,02].

Sonuç: Erkek cinsiyet, RTX doz artışı ve hipertansiyon HGG için 
risk faktörü iken, kronik akciğer hastalığı ve düşük IgG düzeyi 
ciddi enfeksiyon ile ilişkiliydi. Bu nedenle RTX tedavisi sırasında Ig 
düzeylerinin ölçümü ve HGG ve ciddi enfeksiyon için risk faktörlerinin 
değerlendirilmesi her iki durumun önlenmesinde yarar sağlayabilir.

Anahtar Kelimeler: Rituksimab, hipogamaglobulinemi, ciddi 
enfeksiyon, romatolojik hastalıklar

(95% confidence interval [CI]) 0.82 (0.70-0.96), p=0.018] and chronic 
lung disease (CLD) [CLD present OR (95% CI) 3.7 (1.2-10.8), p=0.017] 
were associated with severe infections in multivariate analysis. A total 
of 38 patients died during follow-up. Mortality was more frequent in 
patients with HGG [mortality rate HGG+ vs HGG -: 40% (17/43) vs 
21% (20/101), p=0.02].

Conclusion: While male gender, increased number of RTX courses 
and hypertension were found to be risk factors for HGG, CLD and 
lower IgG levels were associated with severe infections. Therefore, 
measuring Ig levels and assessing risk factors for HGG and severe 
infections during RTX treatment may provide information to prevent 
both conditions.

Keywords: Rituximab, hypogammaglobulinemia, severe infection, 
rheumatic diseases
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percentile) was presented. Chi-square, Mann-Whitney U 
and Kruskal-Wallis tests were used to compare the data. A 
p-value <0.05 was considered statistically significant. Binary 
logistic regression was performed to assess the predictive 
factors for HGG and severe infections. HGG and severe 
infection were dependent variables for separate logistic 
regression analysis. Age, gender, disease duration, cumulative 
RTX dose, comorbidities, concomitant DMARDs, GC were 
used as covariates. Low IgG, IgM, IgA levels were additional 
covariates for the logistic regression analysis of severe 
infections. Variables with a p-value of <0.2 in univariable 
analysis were involved in multivariable analysis.

Results

One hundred and forty-four (105 female, 39 male) 
patients were included in the study. Mean (± SD) follow-
up duration under RTX treatment was 3.4 (2.3) years. The 
diagnosis was RA in 96 (67%), AAV in 21 (15%), SLE in 15 
(10%), scleroderma (SSc) in 6 (4%), primary SS in 3 (2%) 
and polyarteritis nodosa in 2 (1%) patients. Two patients 
with RA had secondary SS and 2 SLE patients had secondary 
antiphospholipid syndrome. Table 1 shows demographic 
and clinical characteristics of the patients.

A total of 198 visits (number of the patients with one visit 
144, two visits 43, three visits 11) were evaluated. During the 
follow-up, 43 (30%) patients had any subgroup of HGG. 
Thirteen (9%) patients had at least two subgroups of low 
Ig and 4 (2.8%) patients had HGG in all three subgroups. 
Low IgG levels were observed in 17 (11.8%), low IgM in 37 
(26%), low IgA in 7 (4%) patients at any time of the follow-
up. In most of the patients with low IgG the HGG was mild 
(13/17, 77%) (Table 2). Between RA, connective tissue 
diseases (CTD) (SLE, SSc and PSS were included in this 
group) and AAV groups, there were no difference in terms 
of HGG frequency (25%, 30%, 47%, respectively, p=0.13) 
and severe infections (16%, 18%, 29% respectively, p=0.42).

Among the 43 patients who had recurrent Ig 
measurements, low levels of IgG persisted in 67% (4/6) 
patients. The remaining 2 patients had IgG levels <7 g/L 
but in the normal range. In 70% (12/17) of the patients with 
low IgM and 33% (1/3) patients with low IgA, the HGG 
persisted during follow-up. The follow-up IgM levels were 
median 0.53 (0.42-0.56) g/L and the IgA levels were 0.62 
and 1.11 g/L in the patients who had HGG in one visit and 
did not persist in the follow-up visits.

HGG was more frequent in male patients (M vs F: 44% 
vs 25%, p=0.028). Similar HGG rates were found between 
patients with and without concomitant azathioprine (p=0.08), 
leflunomide (p=0.74), MMF (p=0.25), hydroxychloroquine 

Table 1. Demographic and clinical characteristics of the patients who 
received rituximab treatment

Diagnosis, n (%)

 Rheumatoid arthritis 96 (67)

 ANCA associated vasculitis 21 (15)

 Systemic lupus erythematosus 15 (10)

 Scleroderma 6 (4)

 Primary Sjögren syndrome 3 (2)

 Poliarteritis nodosa 2 (1)

Age, years, mean ± SD 52.8±13.8

Gender, female, n (%) 105 (71)

Comorbidities, n (%)

 Diabetes 24 (17)

 Hypertension 45 (32)

 Chronic kidney disease 13 (9)

 Chronic obstructive lung disease 12 (9)

 Coronary artery disease 20 (15)

 Asthma 9 (7)

 Lung involvement of the rheumatological disease 3 (2)

Disease duration, years, mean ± SD

 Rheumatoid arthritis 15.9±8.7

 ANCA associated vasculitis 3.9±4.4

 Systemic lupus erythematosus 5.3±3.4

 Scleroderma 8.1±5.6

 Primary Sjögren syndrome 7.5±0.7

 Poliarteritis nodosa *

Prior cyclophosphamide, n (%) 10 (7)

Concomitant hydroxychloroquine use, n (%) 17 (12)

Concomitant csDMARD use, n (%)

 Azathioprine 14 (10)

 Leflunamide 54 (38)

 Methotrexate 25 (17)

 Mycophenolate mofetil 3 (2)

Concomitant GC use, present, n (%) 71 (50)

Cumulative rituximab dose, g, mean ± SD 11.5±7.6

Ig levels, mean ± SD, g/L

 IgG 10.53±3.99

 IgM 0.79±0.62

 IgA 2.06±1.24

Severe infection, present, n (%) 27 (18%)

*Disease duration for the patients diagnosed with PAN was 4 and 6 years, ANCA: 
Anti-neutrophil cytoplasmic antibody, csDMARD: Conventional synthetic disease-
modifying antirheumatic drug, GC: Glucocorticoid, Ig: Immunoglobulin, PAN: 
Polyarteritis nodosa, SD: Standard deviation

Table 2. The frequency of hypogammaglobulinemia during follow-up

Any subgroup of hypogammaglobulinemia, n (%) 43 (30)

Low IgG, n (%) 17 (12)

 Mild 13 (77)

 Moderate 3 (18)

 Severe 1 (6)

Low IgM, n (%) 37 (26)

Low IgA, n (%) 7 (4)

Ig: Immunoglobulin
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(p=0.52) and GC (p=0.37) use and prior CyC (p=0.46) 
treatment. HGG was less frequent in patients who were using 
concomitant methotrexate (MTX) (HGG rate MTX +vs -: 
12% vs 33%, p=0.032). Age (p=0.20) and disease duration 
(0.37) were similar between patients with and without 
HGG. Higher RTX dose (RTX dose HGG + vs - : 13.6±8.3 
vs 9.6±6.8 g, p=0.006) and presence of hypertension (HT) 
(HT present in HGG+ vs-: 44% vs 26%, p=0.033) were 
associated with HGG (Table 3). In multivariate logistic 
reression analysis, male gender [odds ratio (OR) (95% 
confidence interval [CI]) 2.39 (1.01-5.68), p=0.047], HT 
[OR (95% CI) 2.68 (1.15-6.22), p=0.021], higher cumulative 
RTX dose [OR (95% CI): 1.08 (1.02-1.14), p=0.005] and 
not using MTX [MTX use OR (95% CI) 0.18 (0.04-0.73), 
p=0.016] were related to more frequent HGG (Table 4). 
RTX treatment was discontinued in 2 of the patients with 

HGG and intravenous Ig (IVIG) replacement was used. 
In one patient with SLE, IVIG was given for autoimmune 
hemolytic anemia in addition to RTX treatment. A total 
of 38 patients died during follow-up. Mortality was more 
frequent in patients with HGG [mortality rate HGG+ vs 
HGG -: 40% (17/43) vs 21% (20/101), p=0.02].

Twenty-seven (18%) patients had severe infections 
during follow-up. In most of the severe infections (19/27 
patients, 70%) the source of the infection was respiratory 
tract. Three (11%) of the patients had urinary tract infections, 
3 (11%) patients had an infection related to joint prothesis, 1 
(4%) patient had cholecystitis and 1 (4%) patient had dental 
abscess. The increased cumulative RTX doses (p=0.04), 
presence of CLD (p=0.03) and lower IgG levels (p=0.03) 
were related to severe infections in univariate analysis. Age 
(p=0.73), disease duration (p=0.41), IgM (p=0.46) and IgA 

Table 3. The features of patients who had and did not have hypogammaglobulinemia

HGG present
n=43

HGG absent
n=101

p

Age, years, mean ± SD 55.2±12.7 51.2±14.4 0.20

Male gender, n (%) 17 (44) 22 (25) 0.028

Disease duration, years, mean ± SD 11.2±8.5 12.7±9.1 0.37

RTX cumulative dose, g, mean ± SD 13.6±8.3 9.6±6.8 0.006

Comorbidities, n (%)

 Diabetes 6 (14) 18 (18) 0.54

 Hypertension 19 (44) 26 (26) 0.033

 Coronary artery disease 4 (9) 15 (15) 0.34

 Chronic lung disease 10 (23) 13 (13) 0.12

 Renal disease 3 (7) 12 (12) 0.36

Prior CyC, n (%) 4 (9) 6 (6) 0.46

Concomitant DMARDs, n (%)

 Azathioprine 7 (16) 7 (7) 0.08

 Leflunomide 17 (39) 37 (37) 0.74

 Methotrexate 3 (7) 22 (22) 0.032

Mycophenolate mofetil 0 (0) 3 (3) 0.25

Hydroxychloroquine 4 (9) 13 (13) 0.52

Concomitant GC use, present, n (%) 16 (37) 46 (46) 0.37

CyC: Cyclophosphamide, DMARD: Disease modifying anti-rheumatic drugs, GC: Glucocorticoid, HGG: Hypogammaglobulinemia, RTX: Rituximab, SD: Standard deviation

Table 4. The multivariate analysis for the risk factors of hypogammaglobulinemia and severe infection

Variable OR (95% CI) p

Hypogammaglobulinemia

RTX dose, g 1.08 (1.02-1.14) 0.005

Hypertension 2.68 (1.15-6.22) 0.021

Male gender 2.39 (1.01-5.68) 0.047

MTX use 0.18 (0.04-073) 0.016

Severe infections

RTX dose, g 1.03 (0.98-1.09) 0.20

IgG levels, g/L 0.82 (0.70-0.96) 0.018

Lung disease 3.70 (1.27-10.82) 0.017

CI: Confidence interval, Ig: Immunoglobulin, MTX: Methotrexate, OR: Odds ratio, RTX: Rituximab
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(p=0.52) levels were not associated with severe infections 
(Table 5). Multivariate logistic regression analysis showed 
that lower IgG levels [IgG levels OR (95% CI) 0.82 (0.70-
0.96), p=0.018] and CLD [CLD present OR (95% CI) 
3.7 (1.2-10.8), p=0.017] were associated with increased 
severe infections. The cumulative RTX dose did not differ 
significantly between the patients with and without severe 
infections in multivariate analysis [OR (95% CI) 1.03 (0.98-
1.09), p=0.20] (Table 4).

Discussion

In the current study any subgroup of HGG occurred 
in 30% of the patients with systemic autoimmune diseases 
receiving RTX in routine follow-up. Low IgG, IgM and IgA 
levels were found in 12%, 26% and 4% patients respectively. 
Higher RTX cumulative doses, male gender, HT and 
absence of concomitant MTX treatment were predictive 
factors for more frequent HGG. Severe infections were 
observed in 18% of the patients which was associated with 
low IgG levels and CLD.

HGG was reported in 10-56% of the patients with 
autoimmune diseases.[1,14-18] Factors such as the cumulative 
RTX dose, RTX dose regimens, the timing of the Ig 
measurement after RTX and cut-off values for HGG may 
have affected the variability of the HGG frequency in 
the literature. In AAV, patients who received 500 mg as 
maintenance dose developed HGG less frequently compared 
to patients who received 1000 mg.[19] In different studies the 
cut-off for HGG was considered as 565 mg/dL,[12] 600 mg/
dL[3] or 700 mg/dL[14] for IgG. The values <55 mg/dL, <50 
mg/dL, <40 mg/dL for IgM and <80 mg/dL, <70 mg/dL for 
IgA were evaluated as HGG in different studies.[3,12,14] In our 
cohort, almost one third of the patients had HGG in any 
subgroup of Ig during follow-up in line with the literature.

Data about the predictive factors of HGG is contradictory. 
Age was identified as a risk factor for RTX-related HGG 
and serious infections in several studies.[15,20] HGG was more 
frequent in female patients in a study which reported RTX 
associated HGG in autoimmune diseases.[21] In contrast, 
Besada et al.[19] found that male gender was a risk factor 
for severe HGG and withdrawal of RTX due to HGG. 

Table 5. The comparison of the characteristics of the patients with and without severe infections

Severe infections (+)
n=27

Severe infections (-)
n=117

p

Age, years, mean ± SD 57.3±10.3 50.9±14.6 0.73

Gender, female, n (%) 20 (74) 84 (72) 0.86

Disease duration, years, mean ± SD 14.8±12.6 11.5±8.1 0.41

Cumulative rituximab dose, g, mean ± SD 14.5±7.2 10.3±8.1 0.04

Prior CyC use, n (%) 2 (7) 8 (7) 0.92

Concomitant csDMARD use, n (%)

 Azathioprine 1 (4) 13 (11) 0.23

 Leflunomide 8 (30) 46 (39) 0.33

 Methotrexate 7 (26) 18 (15) 0.20

 Mycophenolate mofetil 0 (0) 3 (3) 0.39

Hydroxychloroquine use, n (%) 3 (11) 14 (12) 0.90

Concomitant GC use, n (%) 10 (37) 52 (44) 0.87

Comorbidities, n (%)

 Diabetes 5 (19) 19 (16) 0.76

 Hypertension 10 (37) 35 (30) 0.46

 Coronary artery disease 2 (11) 17 (14) 0.32

 Chronic lung disease 8 (30) 15 (13) 0.03

 Renal disease 5 (19) 10 (8) 0.12

Hypogammaglobulinemia, n (%)

 Low IgG 6 (22) 11 (9) 0.06

 Low IgM 10 (37) 27 (23) 0.11

 Low IgA 2 (7) 5 (4) 0.47

Ig levels, g/L, mean ± SD

 IgG 9.9±9.6 11.5±4.6 0.03

 IgM 1.0±0.9 0.8±0.6 0.46

 IgA 1.9±0.6 2.2±1.3 0.52

csDMARD: Conventional synthetic disease-modifying antirheumatic drug, CyC: Cyclophosphamide, GC: Glucocorticoid, Ig: Immunoglobulin, SD: Standard deviation
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Association of male gender with HGG in our study is 
consistent with the second study. Age was similar in patients 
with and without HGG. Stabler et al.[22] reported that 
diabetes and malignancy were risk factors for HGG in terms 
of comorbidities. Diabetes was not a predictive factor for 
HGG in our study, whereas HT was related. It has been 
shown that there is an immune activation, including B-cells, 
in the pathogenesis of HT.[23] However, HT has not been 
linked to RTX-related HGG in the studies. HT may be a 
result of higher cumulative GC doses which may be related 
to HGG development in our study. In addition, HT, which 
occurred because of renal involvement, may have affected 
the frequency of HGG.

Concomitant medications such as CyC, MMF and 
GC use were found to be predictors of HGG in previous 
studies.[15,17,24,25] Also, prior CyC was shown to increase 
the HGG rate.[21] In contrast, HGG was not associated 
with conventional disease-modifying anti-rheumatic drugs 
(cDMARD) or CS use in a retrospective study including 83 
RA patients.[14] In our study the use of additional cDMARDs 
and GC did not seem to affect the HGG rate other than MTX. 
Interestingly, concomitant MTX therapy was associated 
with a reduced risk of HGG in patients who were mostly 
diagnosed with RA (23/25). In the literature the data about 
the effect of MTX on Ig levels are scarce. In a study, juvenile 
RA patients, who were treated with MTX, had lower Ig 
levels compared to patients without treatment.[26] In another 
study MTX was not associated with HGG in inflammatory 
bowel disease patients.[27] Boleto et al.[11] studied predictive 
factors for HGG in RA patients and reported MTX had a 
protective role for HGG.[28] Not using concomitant MTX 
was a risk factor[14] for HGG in another trial similar to our 
results. This may be related to the characteristics of patients 
receiving concomitant MTX treatment. However, this result 
was not well explained and this protective effect of MTX on 
HGG remains to be confirmed in other studies.

The diagnosis of the patient is one of the factors that 
may influence the development of HGG in the literature. 
In a study which compared HGG between AAV and SLE 
patients after 3-6 months after RTX administration, HGG 
was found more frequently in AAV patients.[15] Similarly, 
Thiel et al.[29] reported more frequent and long-lasting 
HGG in AAV patients compared to RA and CTD. Although 
HGG was numerically higher in the AAV group compared 
to RA and CTD patients, the difference was not statistically 
significant in our study. 

HGG is not an absolute contraindication for continuing 
RTX therapy and may be transient in some of the patients. 
In a longitudinal observational study HGG was temporary 
in 73% of the AAV cases.[15] In contrast to this study 

Evangelatos et al.[14] found that HGG was persistent in all 
of the 37 patients with RA who developed HGG at any time 
of the follow-up. Consistent with the results of the latter, 
HGG was 65% persistent in our patients during follow-up.

In several studies higher cumulative RTX dose was 
shown not to increase the HGG and severe infection 
frequencies in RA patients.[28,30] According to our results 
higher cumulative RTX dose was associated with increased 
HGG rate but did not have a significant effect on severe 
infections.

The effect of HGG on severe infection rate is 
controversial in the literature. Although there are reports 
about an increase of severe infections in patients with 
HGG,[3,11,12] in some of the previous studies severe infection 
rate was similar between patients with and without HGG.
[14,31-33] The risk of infection is also reported to be associated 
with the deficient Ig subgroup. IgG deficiency is considered 
to be more important in terms of infection risk compared 
to IgA and IgM.[34] Md Yusof et al.[3] reported that serious 
infection risk was increased in patients with IgG <6 g/L. 
In our study lower IgG levels were associated with severe 
infections.

Severe infection rate was reported 20-40% of the 
patients on RTX treatment.[22,35-37] Focus of the infection 
was mostly sino-pulmonary infections.[15,16]. CLD, diabetes 
and heart failure were predictors for severe infections in 
musculoskeletal diseases during RTX treatment.[3] CLD 
(including lung involvement of the primary rheumatic 
disease) was also a risk factor for severe infections in our 
results. In a study including RTX-treated patients with 
rheumatic diseases, MTX was found a protective factor for 
severe infections.[38] We observed that MTX was not related 
with a decrease in serious infections, unlike HGG.

IVIG replacement was found to decrease the annual 
infection rate but not severe infections in a study in which 
20% of the patients with HGG received IVIG.[21] In our 
cohort, fewer patients with HGG received IVIG (5%) 
replacement. According to recommendations which were 
created specifically for RTX-related HGG, it has been 
suggested that the decision for IVIG replacement should 
be made according to the severity of HGG, presence of 
severe, recurrent, or unusual infections, or lack of response 
to vaccines. In addition, it is recommended that the Ig 
levels should be checked every 6-12 months in patients with 
autoimmune rheumatic disease receiving RTX.[34] However, 
there is not a global consensus on the frequency of Ig 
measurement and the indications for IVIG replacement.

Mortality is another outcome that has been associated 
with HGG. Bartmettler et al.[8] showed increased risk of 
mortality in RTX-related HGG. Similarly, in our results 
mortality rate was higher in patients with HGG.
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Study Limitations

Our study has some limitations. The main limitation 
was the retrospective design of the study. The baseline Ig 
levels was shown to be related with an increase in HGG 
risk in the literature.[17,19,39,40] As a second limitation, since a 
small number of our patients had baseline Ig measurement, 
baseline IgG levels were not included in the analysis. 
However, presence of follow-up Ig measurements allowed 
the assessment of whether HGG was persistent or transient.

Conclusion

In the current study we observed HGG almost in one-
third of the patients which was associated with higher 
cumulative RTX doses, male gender and HT. Although low 
IgG levels were associated with severe infection, the risk of 
serious infections was similar in patients with and without 
low IgG type HGG. CLD was a risk factor for severe 
infections. Since RTX can improve CLD in rheumatic 
diseases, the risk of infection may be affected, especially 
in fibrotic type CLD. There are no globally accepted 
algorithms for IVIG treatment and monitoring Ig levels 
during RTX treatment. Therefore, determining risk factors 
for HGG and serious infections, which is a major concern 
for HGG, is important in the follow-up of the patients and 
making clinical decisions.
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