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Abstract
Introduction In secondary immunodeficiency, immunoglobulin replacement therapy (IgRT) is recommended by guidelines 
(GL) for patients with IgG level < 4 g/l and more than 3 infections or a severe infection. IgRT may be appropriate if IgG 
level < 4 g/l and/or 1–3 less severe infections (≤ grade 2).
Methods This was a retrospective sample analysis representative for practices and hospitals in Germany. The treatments 
and infection data were collected from patients with chronic lymphocytic leukemia (CLL) and multiple myeloma (MM). 
GL adherence (GLAD) was analyzed.
Results Data from 1086 patients (CLL 490, MM 596) were collected from 86 centers. Of all patients, 34.8% developed IgG 
deficiency during therapy (CLL 35.5%; MM 34.2%). IgRT was given in 23.5% of CLL and 14.4% of MM patients. GLAD in 
hypogammaglobulinemia and indication to IgRT was 23.3% of 86 CLL and 22.1% of 77 MM patients. Without GLAD, the 
hazard ratio (HR) for any infection was 4.49 (95% CI 3.72–5.42; p < 0.001) and for severe infections (grade ≥ 3) 10.64 (95% 
CI 7.54–15.00; p < 0.001). Significant independent risk factors for infections were a higher Charlson Comorbidity Index, IgG 
deficiency, and  3rd + line treatment, as well as therapy with BTK inhibitors or chemotherapy in CLL. Multivariable analysis 
showed a significantly lower risk of severe infections after start of IgRT with a HR of 0.47 (95% CI 0.28–0.77; p = 0.003).
Conclusions Guideline adherence correlated with fewer and less severe infections but was low in patients with indication 
to IgRT. Risk factors for infection can be identified. Risk of severe infections was significantly lower in patients with IgRT.

Keywords Immunoglobulin replacement therapy · Secondary IgG deficiency · Guidelines · Infections comorbidity · 
Hematological malignancies

Infections are a common cause of death in patients with 
CLL and MM [1–3]. In addition, drug therapy for malig‑
nant diseases can exacerbate or cause immunodeficiency, 
lymphocytopenia, and neutropenia [4–6], increasing the risk 
of bacterial, viral, and fungal infections, also those caused 
by opportunistic pathogens [7, 8]. Infections account for the 
greatest proportion of deceasing CLL patients [9]. In case 

of a deficiency of class G immunoglobulins (IgG), which is 
disease associated in patients with CLL and MM [4], infec‑
tions occur more frequently. Regular substitution therapy 
with IgG (IgRT) has become the standard of care for sec‑
ondary antibody deficiency and frequent infections in order 
to reduce the rate of bacterial infections in CLL and MM 
[10–13].

Therefore, guidelines from professional societies [14, 15], 
the European Medicines Agency (EMA) [16], the German 
Medical Association (BÄK) [17], and the German Society 
for Hematology and Medical Oncology (DGHO) [15] rec‑
ommend IgG substitution for secondary immunodeficien‑
cies (SID). SID are defined as hypogammaglobulinemia with 
additional clinical manifestations: patients suffering from 
severe or recurrent infections, ineffective antimicrobial treat‑
ment, and either proven specific antibody failure (PSAF) 
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[16]. The recommended dose for IgG substitution is in these 
cases is 0.2–0.4 g/kg body weight every 3 to 4 weeks.

The disease‑specific guidelines for CLL and MM recom‑
mend IgRT under similar conditions [18, 19]. This study 
investigated the quality of guideline adherence (GLAD) in 
existing indications for IgG substitution in patients with 
CLL and MM in Germany.

Methods

Patients from practices and hospitals in Germany who were 
representatively screened using previously collected care 
parameters of the participating institutions were analyzed 
retrospectively. The documentation took place in Q1/2020. 
Previous and current treatment and infection data were col‑
lected from patients who received a line of therapy for the 
treatment of CLL or MM starting in 2018 (1st, 2nd, and 3rd 
or higher line). The time frame was chosen to ensure follow‑
up for at least 12 months after starting systemic treatment in 
each line of therapy in order to collect data on susceptibility 
to infection and possible SID. The methods and analyses 
used in this study have already been successfully applied 
and published in comparable studies of the German Cancer 
Society [20–22].

GLAD was analyzed according to the DGHO‑Onkopedia, 
the recommendations of the German Medical Association, 
the EMA, and the European consensus proposal for immuno‑
globulin therapies [14]. The following definitions were used 
to operationalize the guideline recommendations (GL) for a 
quantitative analysis: for SID, immunoglobulin substitution 
(IgRT) is strongly recommended by GL as for patients with 
an IgG level < 4 g/l (or IgG subclass deficiency) and addi‑
tionally more than 3 infections or a severe infection (≥ grade 
3) and as optional (may be appropriate) if IgG level < 4 g/l 
and/or 1–3 less severe infections (≤ grade 2). IgRT is not 
indicated if patients do not fulfil either condition. The ini‑
tial dose of IgRT should be 0.2–0.4 g/kg bodyweight every 
3–4 weeks (± 10% each). The definition of the indication 
for IgRT by more than 3 occurring infections was chosen 
according to the cross‑sectional guideline of the BÄK from 
2014, which was valid at the time of the data collection. The 
new version of the GL of 2020 (as well as the GL of DGHO 
and EMA) now only refers to recurrent infections.

For the analysis of GLAD, the following score was 
developed:

2 points for full GLAD.
1 point for deviations in initial dose or interval (more 
than ± 10%) or a late start of IgRT (> 28 days after a 
severe infection (≥ grade 3).
0 points for IgRT without indication (overtherapy) or 
omitted IgRT despite recommendation (undertherapy). 

Likewise, 0 points were awarded if both dose and interval 
deviated from the GL recommendations (e.g., underdosed 
single dose) or if IgRT was not started until more than 
3 months after hypogammaglobulinemia and at least one 
severe infection.

The vaccination response testing recommended in the 
guidelines was not analyzed because this test is very rarely 
used in Germany.

Statistical methods

The statistical data analysis was performed using R version 
4.01 [23]. Descriptive statistics include absolute and relative 
frequencies for qualitative characteristics. For continuous 
characteristics, location measures with corresponding meas‑
ures of dispersion were calculated (median with interquartile 
range and minimum and maximum).

For the analysis of susceptibility to infection, the time to 
next infection was examined using the Andersen‑Gill model 
[24], with any infection was counted as event (or any severe 
infection (grade ≥ 3) for the second model). For effect esti‑
mation, hazard ratios were reported with 95% confidence 
interval in each case. The significance level was set to two‑
sided ≤ 5% (p ≤ 0.05).

For comparisons of interval‑scaled variables, the 
Mann–Whitney U test was performed for independent 
binominal variables. In case of non‑binominal independent 
variables, the Kruskal–Wallis test was used, supplemented 
by corresponding pairwise comparisons. In order to address 
the problem of inflation of type I errors by multiple testing, 
the p‑values of pairwise comparison were adjusted using the 
Bonferroni‑Holm procedure.

For the primary descriptive analyses, the χ2‑test accord‑
ing to Pearson was used for categorical variables. The p‑val‑
ues of these analyses were adjusted using the Benjamini & 
Hochberg procedure as far as there was multiple testing for 
subgroup analysis [25].

The representativeness of the sample was ensured by 
grounding it in a previously conducted care structure analy‑
sis (phase 1). For this purpose, 894 treatment facilities in 
Germany that potentially treat patients with CLL or MM 
were contacted. The facilities were asked to provide data 
on patient volume and key care parameters (clinic/office; 
certification). Of the centers contacted, 116 clinics and 130 
medical practices responded.

Patients

To avoid a bias in patient selection, the participating 
centers were asked to consistently document all patients 
fulfilling the inclusion criteria from 31 December 2018 
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backwards in time until the specified number of patients 
to be documented in the respective lines of therapy was 
reached.

Patients with CLL or MM who had started systemic 
therapy in 2018 were included. The distribution of patients 
across therapy lines was carried out according to the previ‑
ously performed care structure analysis.

Patients who received an allogeneic stem cell transplant 
and patients in the final phase of their disease with a life 
expectancy of less than 3 months at the start of therapy 
were excluded.

Parameters studied

Patient characteristics, disease parameters, therapies 
and therapy lines, immunoglobulin monitoring, and the 
number, type, and severity of infections that occurred 
were recorded. In addition, infections occurring in the 
12 months prior to the start of therapy were also docu‑
mented to detect any pre‑existing tendency to infec‑
tion. However, the target criterion was number and 
severity of infections after the start of system therapy. 
Infection severity was graded according to the CTCAE 
5.0 [26].

Results

Patient demographics and disease stage 
and therapy

Data from 1086 patients (CLL 490, MM 596) were docu‑
mented from 86 centers. The median age at the start of the 
line of therapy was 73 years (25%, 75% percentiles: 65, 
79 years). Four hundred seventy‑five (43.7%) of patients 
were female and 611 (56.3%) were male.

The patients (n (%)) were distributed amongst the dif‑
ferent disease stages as follows: CLL stage according to 
Binet: A 169 (34.5%), B 128 (26.1%), C 164 (33.5%), and 
no information 29 (5.9%); and MM stage according to the 
(Revised) International Staging System (R‑ISS) (if R‑ISS 
was not available, ISS was scored): I 158 (26.5%), II 195 
(32.7%), III 178 (29.9%), and no information 65 (10.9%). 
The Charlson Comorbidity Index (CCI) [27] yielded a 
median score of 2 points, the 25% and 75% percentiles 
were 2 and 3 points, and the range was 2 to 9 points for 
CLL and 2 to 8 points for MM.

Two hundred fifty‑three (51.6%) of CLL patients and 
286 (48.0%) of MM patients received first‑line therapy 
(Supplementary Fig. 1). The distribution of treatment sub‑
stances used is shown in Supplementary Table 1.

Infections

Overall, infections were documented in 410 patients 
(37.8%), 196 (40.0%) in CLL patients and 214 (35.9%) in 
MM patients. The number and severity (CTCAE Criteria 
5.0) [26] of infections after initiation of therapy are shown in 
Supplementary Table 3; infections with a severity of grade 
3–5 were 28.4% in CLL and 36.9% in MM.

After initiation of the systemic antineoplastic treatment, 
the number of infections more than doubled (Supplementary 
Table 3a). However, it is not clear, if all infections were 
documented, before the patients were treated by a specialist.

Most infections (60.1%) classified by ICD‑10 involved the 
respiratory system; see Supplementary Table 3c.

Assessment of IgG concentration and IgRT

The examination of IgG levels before and during the analy‑
sis period is shown in Supplementary Table 2. IgG levels 
were determined before therapy in 73.1% of CLL patients 
and in 89.8% of MM patients. The different lines of therapy 
showed the following diagnostic rates: CLL: 1st line 75.9%, 
2nd line 72.0%, and 3rd and higher line 66.6%; and MM: 1st 
line 88.8%, 2nd line 91.6%, and 3rd and higher line 89.5%. 
Immunoglobulin subclasses were determined before therapy 
in 1.4% of CLL and in 0.4% of MM patients. During the 
course of therapy, the share of patients whose immunoglobu‑
lin subclasses were determined had a maximum of 2.1% and 
0.9% of patients. The antibody titer was determined in just 
one of a total of 87 patients with documented pneumococcal 
vaccination.

A total of 88.2% of the physicians stated that IgG values 
were regularly monitored, 42.7% of which were monitored 
“as standard at every laboratory examination” and 45.5% 
“regularly but at longer intervals.”

A total of 115 (23.5%) of CLL patients and 86 (14.4%) of 
MM patients received IgRT. With increasing line of therapy 
for the underlying disease, the percentage of patients receiv‑
ing IgRT increased (Table 1).

Guideline adherence (GLAD score)

Analysis according to the GLAD score showed good GL 
adherence (score 2) in 388 (79.2%) of the CLL patients and 
in 501 (84.1%) of the MM patients (Fig. 1a). The deviations 
(scores 0 and 1) were predominantly undertherapy or too 
long intervals between IgG infusions.

Most patients with GLAD score 1 received a downward 
dose deviation (80%, n = 60), so that IgRT dose was lower 
than 0.18 g/kg bodyweight (− 10% tolerance from rec‑
ommended minimum dose of 0.2 g/kg bodyweight). The 
remaining 20% of patients with GLAD score 1 resulted 
from interval extensions (12%; n = 9) and/or delayed start 
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of IgRT > 28 days (~ 7%, n = 5) and dose upward devia‑
tion (4%, n = 3). In the patients with downward deviation, 
there were also patients for whom IgRT was started too 
late (therefore the total is > 100%). 78.7% (n = 96) of the 
patients with GLAD score 0 received no IgRT despite indi‑
cation (undertherapy), in 8.2% (n = 10), the IgRT started 
more than 3 months after severe infection, and in 13.1% 
(n = 16) of patients, an IgRT was initiated without indication 
(overtherapy).

Considering GLAD only for patients with a mandatory 
indication, only 23.3% of the 86 CLL patients and 22.1% of 
the 77 MM patients achieved a GLAD score of 2 (Fig. 1b).

The differences between non‑certified and certified 
centers (certified by German Cancer Society, German 
Society of Hematology and Medical Oncology or Com‑
prehensive Cancer Centers) in GLAD (80.4% vs. 84.5%) 
are not significant across both indications: odds ratio (OR) 
1.33 (95% CI 0.95–1.85; p = 0.140). In the subgroup anal‑
ysis of the two indications, the CLL subgroup shows a 
difference in favor of certified centers, which is also not 
significant (after FDR adjustment) (76.4% vs. 84.5%): OR 
1.69 (95% CI 1.03–2.76; p = 0.105). In contrast, no differ‑
ences were observed in MM (83.8% vs. 84.5%): OR 1.05 
(95% CI 0.67–1.67; p = 0.833). Differences in the type of 
care (hospitals vs. office‑based hematologists) could not 
be determined either (82.6% vs. 81.6%): OR 0.93 (95% CI 
0.65–1.34; p = 0.997).

Guideline adherence and susceptibility to infections

The likelihood of infection was significantly lower at a 
GLAD score of 2 or 1 than at 0 (Fig. 2a and b).

The GLAD score correlated significantly with the rela‑
tive likelihood of infection: compared to full GLAD (GLAD 
score = 2: reference), the hazard ratio (HR) for infection at 
a GLAD score 1 was 2.52 (95% CI 1.98–3.21; p < 0.001). 
For a GLAD score 0, the HR was 4.49 (95% CI 3.72–5.42; 
p < 0.001).

The relative likelihood of severe infections (grade ≥ 3) 
also correlated with GLAD. The hazard ratio (HR) was 
2.96 (95% CI 1.67–5.25; p < 0.001) for GLAD score 1 
and 10.64 (95% CI 7.54–15.00; p < 0.001) for GLAD 
score 0.

Guideline adherence and severity of infections

Besides the fact that significantly more infections occurred 
with a lower GLAD score, the incident infections were also 
more severe in patients with a GLAD score 0 than in those 
with a score 1 or 2 (see Table 2) (p < 0.001), although the 
differences between GLAD score 2 and GLAD score 1 were 
not clear. Notwithstanding that the infections occurring in 
GLAD score 2 and 1 were just as often grade ≥ 3 (23.6% vs. 
23.8%), infections in GLAD score 1 were more often fatal 
(2.4% vs. 7.9%).

Since the groups GLAD scores 1 and 2 differed not 
in terms of severity of infections in the pairwise com‑
parison (p = 1.000), the group GLAD score 0, however, 
showed significantly different results (GLAD score 1 vs. 0: 
p = 0.003; 2 vs. 0: p < 0.001). GLAD scores 1 and 2 were 
combined and compared with GLAD score 0 (p < 0.001); 
see Fig. 3a.

When considering only patients with the mandatory 
indication for IgRT, the severity of infection was higher 

Table 1  Immunoglobulin replacement therapy (IgRT) according to disease

This table shows whether IgRT has taken place, regardless of dose and interval, as well as start time

IgRT (CLL)
Treatment line
1st line 2nd line 3rd + line Total
N % N % N % N %

IgRT Yes 44 17.4% 40 26.7% 31 35.6% 115 23.5%
No 202 79.8% 109 72.7% 56 64.4% 367 74.9%
Unknown/not reported 7 2.8% 1 0.7% 0 0.0% 8 1.6%
Total 253 100% 150 100% 87 100% 490 100%

IgRT (multiple myeloma)
Treatment line
1st line 2nd line 3rd + line Total
N % N % N % N %

IgRT Yes 29 10.1% 22 13.2% 35 24.5% 86 14.4%
No 250 87.4% 142 85.0% 102 71.3% 494 82.9%
Unknown/not reported 7 2.4% 3 1.8% 6 4.2% 16 2.7%
Total 286 100% 167 100% 143 100% 596 100%
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for GLAD score 0 (p = 0.235) as well. Summarizing the 
severity of infection by GLAD score (GLAD score 1/2) 
and analyzing only patients with a mandatory indication, 
more severe infections occurred with a GLAD score of 0 
(46.1% vs. 35.6%), but again the significance level was not 
reached (p = 0.095) (Fig. 3b). However, it is striking that 
the proportion of fatal infections in this subgroup was also 
higher with a GLAD score of 0 (10.0%, n = 22) than with a 
GLAD score of 1/2 (5.9%, n = 6), even if the number of fatal 
infections was too small to measure a statistically significant 
difference.

Risk factors for infectious events

Risk factors for increased susceptibility to infection (all 
infections) in all patients in the multivariable AG model 
were an increased Charlson Comorbidity Index (CCI, HR 
1.37 (95% CI 1.10–1.71; p = 0.004), existing hypogamma‑
globulinemia below 4 g/l (HR 1.34 (95% CI 1.08–1.65); 
p = 0.0047) and advanced line of therapy (3rd + line) (HR 
1.63 (95% CI 1.28–2.09); p < 0.001) (Fig. 4). Older patients 

over 75 years of age had a lower risk here (HR 0.64 (95% CI 
0.49–0.84); p = 0.002). For IgRT, there was a trend towards a 
lower risk of infection under IgRT than without/before IgRT, 
but this did not reach the significance level (HR 0.78 (95% 
CI 0.59–1.03); p = 0.077).

With regard to severe infections (grade ≥ 3), the risk 
factors were essentially confirmed and, with the excep‑
tion of age, emerge even more clearly (Figs. 5, 6 and7): 
CCI of 4 or more HR 1.97 (95% CI 1.30–3.00; p = 0.001) 
compared to CCI of 2, which is due to the underlying 
malignancy; and hypogammaglobulinemia HR 2.00 (95% 
CI 1.37–2.94; p < 0.001), later line of therapy HR 1.89 
(95% CI 1.19–2.89; p = 0.007). IgRT was associated with a 
lower risk, HR 0.47 (95% CI 0.28–0.77; p = 0.003). There 
was no difference in more severe infections for older age: 
HR 0.98 (95% CI 0.60–1.61; p = 0.947). Significantly, 
however, patients on Pneumocystis jirovecii prophylaxis 
were also more prone to severe infections HR 1.60 (95% 
CI 1.10–2.34; p < 0.014).

In the subgroup of CLL, patients treated with BTK 
inhibitors (HR 5.54 (95% CI 1.21–24.49; p = 0.027)) and 

Fig. 1  a Guideline adherence 
score (GLAD score); CLL, 
chronic lymphocytic leukemia; 
MM, multiple myeloma. b 
GLAD scores in patients with 
hypogammaglobulinemia and 
indication for IgRT

a

b
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chemotherapy (HR 5.54 (95% CI 1.21–24.49) p = 0.027) 
had a higher risk for severe infections. Treatment with 
CD20 antibodies did not make a difference in suscepti‑
bility to severe infections (HR 0.92 (95% CI 0.38–2.23); 
p = 0.853). A higher CCI (≥ 4) as well as a later line of ther‑
apy  (3rd +) could be confirmed as risk factors: CCI: HR 2.12 
(95% CI 1.20–3.81, p = 0.010); and  3rd + : HR 5.35 (95% 
CI 2–83–10.12, p < 0,001), whereas an existing hypogam‑
maglobulinemia was not: HR 1.43 (95% CI 0.76–2.68; 
p = 0.269).

In MM patients, an antibiotic prophylaxis correlated with a 
lower risk of infection: HR 0.43(95% CI 0.25–0.85; p = 0.013). 

A different risk for different treatment options could not be 
measured. The higher risk for severe infections in patients with 
a higher CCI as well as in patients with hypogammaglobuline‑
mia was confirmed in the MM subgroup, but later line of ther‑
apy does not correlate with a higher risk (Fig. 7). There seems 
to be a trend (not statistically significant) that patients treated 
with G‑CSF prophylaxis had a higher risk of severe infections: 
HR 1.90 (95% CI 0.91–3.98; p = 0.090), but it has to be consid‑
ered that the proportion of patients with G‑CSF prophylaxis is 
relatively low (9.2% n = 55) and only 50.9% (n = 28) of them 
were treated with a primary G‑CSF prophylaxis.

Fig. 2  a GLAD score and time 
to next infectious event—all 
infections. b GLAD score and 
time to next infectious event—
severe infections (grades ≥ 3)

a

b
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Discussion

The number of patients treated adherent to guidelines 
(GLAD) to immunoglobulin substitution in Germany is 
relatively high, with 79.2% in CLL and 84.1% in MM. 
However, a reason for high GLAD may be that IgRT is 
only recommended for a subgroup of patients, in whom 
IgRT is essentially neglected: GLAD is poor in patients 
with mandatory indication for IgRT, with a GLAD score 
of 0 in 64.0% of CLL and 62.3% of MM patients.

There is a significant correlation between the level of 
GLAD and the cumulative incidence of infection over the 
median study observation period of 18.2 months. Even 
with less than optimal GLAD, the cumulative rate of infec‑
tions was lower than in patients without high GLAD. This 
supports the recent European expert conference on recom‑
mendations for the diagnosis and treatment of antibody 
deficiency with IgRT in patients with malignant hema‑
tologic diseases [28]. There may be various reasons for 
non‑compliance with the guidelines, but it should not be 
the cost of the immunoglobulins, because drugs used in 
accordance with the approval are paid for by the health 
insurance funds in Germany.

Several independent risk factors for severe infections 
could be identified, such as an elevated Charlson Comor‑
bidity Index (CCI) of 3 or more, hypogammaglobulinemia, 
and third‑line or higher therapy. IgRT, on the other hand, 
had a significantly protective effect. If these factors are 
analyzed separately for CLL and MM, these effects remain 
in CLL, whereas in MM, line of therapy no longer plays a 
role, but antibiotic prophylaxis is beneficial. Prophylaxis 

against Pneumocystis jirovecii correlated with a higher 
risk, possibly because these are patients who are at higher 
risk of infection overall, so appropriate prophylaxis was 
given. Antibiotic prophylaxis with levofloxacin in newly 
diagnosed MM during the first 12 weeks of therapy sig‑
nificantly reduces infections [29], which is in line with the 
results of our study. At the first glance, G‑CSF to prevent 
neutropenia seems to correlate with a higher risk of severe 
infections, even if this is not statistically significant. But 
it has to be considered that patients with G‑CSF prophy‑
laxis are treated with more aggressive regimens, for which 
G‑CSF prophylaxis is appropriate [2, 30, 31].

In the present multivariable analysis, patients on BTK 
inhibitor therapy had a significantly increased risk of infec‑
tion. In contrast to other studies [32], no increased risk for 
CLL patients treated with CD20 antibodies such as rituxi‑
mab and subsequent hypogammaglobulinemia could be 
measured in this study. However, this may also be due to 
the fact that about just under two‑thirds of the patients not 
presently treated with CD20 antibodies had already received 
CD20 antibodies in a previous therapy. It should also be 
considered that B‑cell depletion persists long after the end 
of treatment, especially in combination with fludarabine [33, 
34]. One study showed that IgRT significantly reduced the 
risk of infection in patients with hypogammaglobulinemia 
[35].

A study with a smaller number of patients with newly 
diagnosed CLL [36] did not find a significant effect of 
hypogammaglobulinemia on infections. However, our 
study showed a significantly lower rate of severe infections 
with IgRT in patients overall, compared to patients before 

Table 2  GLAD score and 
severity of infections [26]

Grade 1: no intervention indicated
Grade 2: oral intervention indicated; e.g., antibiotic, antifungal, or antiviral
Grade 3: hospitalization and/or IV antibiotic, antifungal, or antiviral intervention indicated
Grade 4: life‑threatening consequences; urgent intervention indicated
Grade 5: death
At a lower GLAD score, infections were significantly more severe, p < 0.001 (Kruskal–Wallis test). Pair‑
wise comparison shows that at a GLAD score of 0, infections were significantly more severe than at a 
GLAD score of 1 (p = 0.003) and of 2 (p < 0.001), whereas the pairwise comparison of GLAD score of 1 
and 2 was not significant (p = 1)

GLAD score

0 1 2 Total

N % N % N % N %

Grade 1 31 14.0% 17 27.0% 63 25.2% 111 20.8%
Grade 2 89 40.3% 31 49.2% 128 51.2% 248 46.4%
Grade 3 75 33.9% 10 15.9% 52 20.8% 137 25.7%
Grade 4 4 1.8% 0 0.0% 1 0.4% 5 0.9%
Grade 5 22 10.0% 5 7.9% 6 2.4% 33 6.2%
Total 221 100% 63 100% 250 100% 534 100%
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or without IgRT. Patients with an indication for IgRT and 
poor GL adherence according to GLAD had more and 
more severe infections.

In MM, antibody deficiency and in particular the deficit 
of specific antibodies leads to a higher rate of infection 
[37]. Our analysis confirms the increased risk of severe 
infection in hypogammaglobulinemia and the positive 
effect of IgRT. In patients with CLL, it is known that 
higher comorbidity is correlated with poorer survival. 
This is also true for the Charlson Comorbidity Index (CCI) 
[38] used here. In MM, patient comorbidity correlates with 
prognosis [39–41] as well. We were able to show that this 
is also true for the risk of severe infection. Older age was 
not a risk factor for severe infections in neither CLL nor 
MM. Interestingly, age over 75 years was a favorable risk 
factor when all infections were considered. This may be 
explained by an age‑adapted, i.e., less aggressive therapy 
of the primary disease, resulting in fewer therapy‑associ‑
ated complications and infections.

The limitations of the retrospective study are that the 
information in the patient records cannot be verified and that 
diagnosis and monitoring of the patients are not specified. 
In the case of infections, the classification was missing for 
a large number of patients. The course of infection depends 
not only on prophylaxis but also on the corresponding ther‑
apy, on which we have no data.

Even if one can criticize the guidelines for IgRT in 
detail, because the evidence refers to older studies whose 
therapy of CLL or MM is now partly considered outdated, 
and because infections must already have occurred for the 
indication to be made, they are nevertheless well suited for 
everyday clinical use. Patients for whom IgRT is clinically 
important, especially to avoid severe infections, can be 
identified. The IgRT guidelines against which adherence 
was measured are international. Therefore, the correlation 
of the GLAD score with infections and the risk factors 
for infections are generalizable. The implementation of 
the GL should be improved both in diagnostics and IgRT. 

Fig. 3  GLAD score 1/2 vs 0, 
in case of mandatory indica‑
tion and severity of infections. 
Severity of infections accord‑
ing to CTCAE [4]; grade 1: 
asymptomatic or mild symp‑
toms; grade 2: oral interven‑
tion indicated (e.g., antibiotic, 
antifungal, or antiviral); grade 
3: IV antibiotic, antifungal, or 
antiviral intervention indicated; 
invasive intervention indicated; 
grade 4: life‑threatening con‑
sequences; urgent intervention 
indicated; Grade 5: death. a All 
patients, severity of infections 
at GLAD score 0 compared to 
pooled GLAD scores 1 and 2. 
b Patients with indication for 
IgRT according to guidelines, 
severity of infections at GLAD 
score 0 compared to the com‑
bined GLAD scores 1and 2

a

b
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Especially in the group with mandatory indication, i.e., 
in the risk group of patients who have a clinical infection 
problem, an improvement in IgRT uptake as per guidelines 
will lead to a clinical benefit with infections. Neverthe‑
less, prospectively designed studies would be useful to 

develop and verify practicable algorithms or risk scores in 
clinical practice in order to better predict the probability 
of infection and thus the indication for IgRT in the light 
of current therapies.

Fig. 4  Risk factors for an increased incidence of infections, for different risk factors all infections in all patients, (multivariable Anderson‑Gill 
model)
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Fig. 5  Risk factors for an increased incidence of infections, for different risk factors, all patients, hazard ratio (hazard of severe infection 
[grade=3]) for different risk factors (multivariable Anderson‑Gill model)
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Fig. 6  Risk factors for an increased incidence of infections, CLL, hazard ratio (hazard of severe infection [grade=3]) for different risk factors 
(multivariable Anderson‑Gill model)

5197Supportive Care in Cancer (2022) 30:5187–5200



1 3

Supplementary Information The online version contains supplemen‑
tary material available at https:// doi. org/ 10. 1007/ s00520‑ 022‑ 06920‑y.

Author contribution All authors contributed equally to the study and 
manuscript.

Funding Working Groups Supportive Care (AGSMO) and Medical 
Oncology (AIO) of the German Cancer Society (DKG), study number 
AIO‑SUP‑0119/ass.

The study was supported by a research grant from Takeda to the 
AIO‑Studien‑gGmbH of the German Cancer Society.

Takeda grant was an “Investigator‑Initiated Research grant (no. 
IISR‑2019–104,350/ IIR‑DE‑002696) from Baxalta GmbH, now part 
of Takeda.” The funding source did not have any access to the data and 
was not involved in data analysis or manuscript writing.

Data availability The funding source did not have any access to the 
data and was not involved in data analysis or manuscript writing.

The authors confirm that they have full control of all primary data 
and agree to allow the journal to review their data if requested.

Code availability Not applicable.

Declarations 

Ethics approval An opinion has been obtained from the Ethics Com‑
mittee of Rhineland‑Palatinate, Mainz, Germany, in accordance with 
the guidelines and recommendations for ensuring Good Epidemiologi‑
cal Practice (GEP) [43]. Due to the nature of the study, no additional 
opinions from ethics committees were required.

All procedures performed in this study involving human participants 
were in accordance with the ethical standards of the institutional and/or 
national research committee and with the 1964 Declaration of Helsinki 
and its later amendments or comparable ethical standards.

Consent to participate Not applicable.

Consent for publication Not applicable.

Conflict of interest Professor Hartmut Link received research funding 
and honoraria, acted on speakers’ bureau, and/or consulted for Takeda. 
Markus Kerkmann and Laure Holtmann have no conflicts of interest to 
declare that are relevant to the content of this article.

Standard of reporting The guidelines for Observational Studies in Epi‑
demiology (STROBE) were taken into account as far as applicable [42].

Fig. 7  Risk factors for an increased incidence of infections, Multiple myeloma, hazard ratio (hazard of severe infection [grade=3]) for different 
risk factors (multivariable Anderson‑Gill model)]

5198 Supportive Care in Cancer (2022) 30:5187–5200

https://doi.org/10.1007/s00520-022-06920-y


1 3

Open Access This article is licensed under a Creative Commons Attri‑
bution 4.0 International License, which permits use, sharing, adapta‑
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Wang Y, Achenbach SJ, Rabe KG, Shanafelt TD, Call T, Ding W 
et al 2020 Cause of death in patients with newly diagnosed chronic 
lymphocytic leukemia (CLL) stratified by the CLL‑International 
Prognostic Index (CLL‑IPI). J Clin Oncol 38(15_suppl):8026‑. 
https:// doi. org/ 10. 1200/ JCO. 2020. 38. 15_ suppl. 8026

 2. Blimark C, Holmberg E, Mellqvist UH, Landgren O, Bjorkholm 
M, Hultcrantz M et al (2015) Multiple myeloma and infections: 
a population‑based study on 9253 multiple myeloma patients. 
Haematologica 100(1):107–113. https:// doi. org/ 10. 3324/ haema 
tol. 2014. 107714

 3. Andersen MA, Eriksen CT, Brieghel C, Biccler JL, Cunha‑Bang 
CD, Helleberg M et al (2018) Incidence and predictors of infec‑
tion among patients prior to treatment of chronic lymphocytic 
leukemia: a Danish nationwide cohort study. Haematologica 
103(7):e300–e303. https:// doi. org/ 10. 3324/ haema tol. 2017. 182006

 4. Patel SY, Carbone J, Jolles S (2019) The expanding field of sec‑
ondary antibody deficiency: causes, diagnosis, and management. 
Front Immunol 10:33. https:// doi. org/ 10. 3389/ fimmu. 2019. 00033

 5. Maschmeyer G, De Greef J, Mellinghoff SC, Nosari A, Thiebaut‑
Bertrand A, Bergeron A et al (2019) Infections associated with 
immunotherapeutic and molecular targeted agents in hematology 
and oncology. A position paper by the European Conference on 
Infections in Leukemia (ECIL). Leukemia 33(4):844–62. https:// 
doi. org/ 10. 1038/ s41375‑ 019‑ 0388‑x

 6. Duraisingham SS, Buckland MS, Grigoriadou S, Longhurst HJ 
(2014) Secondary antibody deficiency. Expert Rev Clin Immunol 
10(5):583–591. https:// doi. org/ 10. 1586/ 17446 66X. 2014. 902314

 7. Dropulic LK, Lederman HM (2016) Overview of infections in the 
immunocompromised host. Microbiol Spectr 4(4). https:// doi. org/ 
10. 1128/ micro biols pec. DMIH2‑ 0026‑ 2016

 8. Tadmor T, Welslau M, Hus I (2018) A review of the infection 
pathogenesis and prophylaxis recommendations in patients with 
chronic lymphocytic leukemia. Expert Rev Hematol 11(1):57–70. 
https:// doi. org/ 10. 1080/ 17474 086. 2018. 14076 45

 9. da Cunha‑Bang C, Simonsen J, Rostgaard K, Geisler C, Hjalgrim 
H, Niemann CU (2016) Improved survival for patients diagnosed 
with chronic lymphocytic leukemia in the era of chemo‑immu‑
notherapy: a Danish population‑based study of 10455 patients. 
Blood Cancer J 6(11):e499. https:// doi. org/ 10. 1038/ bcj. 2016. 105

 10. Cooperative Group for the Study of Immunoglobulin in Chronic 
Lymphocytic L, Gale RP, Chapel HM, Bunch C, Rai KR, Foon 
K et al (1988) Intravenous immunoglobulin for the prevention of 
infection in chronic lymphocytic leukemia. A randomized, con‑
trolled clinical trial. N Engl J Med 319(14):902–7. https:// doi. org/ 
10. 1056/ NEJM1 98810 06319 1403

 11. Chapel HM, Lee M, Hargreaves R, Pamphilon DH, Prentice AG 
(1994) Randomised trial of intravenous immunoglobulin as proph‑
ylaxis against infection in plateau‑phase multiple myeloma. The 
UK Group for Immunoglobulin Replacement Therapy in Multiple 

Myeloma. Lancet 343(8905):1059–63. https:// doi. org/ 10. 1016/ 
s0140‑ 6736(94) 90180‑5

 12. Raanani P, Gafter‑Gvili A, Paul M, Ben‑Bassat I, Leibovici 
L, Shpilberg O (2009) Immunoglobulin prophylaxis in chronic 
lymphocytic leukemia and multiple myeloma: systematic review 
and meta‑analysis. Leuk Lymphoma 50(5):764–772. https:// doi. 
org/ 10. 1080/ 10428 19090 28568 24

 13. Compagno N, Malipiero G, Cinetto F, Agostini C (2014) Immu‑
noglobulin replacement therapy in secondary hypogammaglob‑
ulinemia. Front Immunol 5:626. https:// doi. org/ 10. 3389/ fimmu. 
2014. 00626

 14. Sewell WAC, Kerr J, Behr‑Gross ME, Peter HH, Kreuth Ig 
Working G (2014) European consensus proposal for immuno‑
globulin therapies. Eur J Immun 44(8):2207–14. https:// doi. org/ 
10. 1002/ eji. 20144 4700

 15. Na I‑K, Hensel M, Maschmeyer G, Scheibenbogen C, Wehr C, 
Wolff D, et al.: Immundefekte, sekundär, Schwerpunkt: Thera‑
pieinduzierte Immundefekte in der Hämatologie und Onkolo‑
gie. Onkopedia‑Leitlinie. https:// www. onkop edia. com/ de/ onkop 
edia/ guide lines/ immun defek te‑ sekun daer/@@ guide line/ html/ 
index. html# ID0EF YAE (2019). Accessed 30.12.2020 2019

 16. CHMP: Guideline on core SmPC for human normal immuno‑
globulin for intravenous administration (IVIg). https:// www. 
ema. europa. eu/ en/ docum ents/ scien tific‑ guide line/ guide line‑ 
core‑ smpc‑ human‑ normal‑ immun oglob ulin‑ intra venous‑ admin 
istra tion‑ ivig‑ rev‑5_ en. pdf (2018). Accessed EMA/CHMP/
BPWP/94038/2007 Rev. 5

 17. Wissenschaf t l i cher‑Bei ra t ‑der‑Bundesärz tekammer: 
Querschnitts‑Leitlinien (BÄK) zur Therapie mit Blutkompo‑
nenten und Plasmaderivaten. http:// www. bunde saerz tekam mer. 
de/ downl oads/ QLL_ Haemo thera pie_ 2014. pdf (2014). Accessed

 18. Eichhorst B, Robak T, Montserrat E, Ghia P, Niemann CU, 
Kater AP et al (2021) Chronic lymphocytic leukaemia: ESMO 
Clinical Practice Guidelines for diagnosis, treatment and follow‑
up. Ann Oncol 32(1):23–33. https:// doi. org/ 10. 1016/j. annonc. 
2020. 09. 019

 19. Terpos E, Engelhardt M, Cook G, Gay F, Mateos MV, Ntanasis‑
Stathopoulos I et al (2020) Management of patients with mul‑
tiple myeloma in the era of COVID‑19 pandemic: a consensus 
paper from the European Myeloma Network (EMN). Leukemia 
34(8):2000–2011. https:// doi. org/ 10. 1038/ s41375‑ 020‑ 0876‑z

 20. Link H, Nietsch J, Kerkmann M, Ortner P, Supportive Care Group 
of the German Cancer S (2016) Adherence to granulocyte‑colony 
stimulating factor (G‑CSF) guidelines to reduce the incidence of 
febrile neutropenia after chemotherapy–a representative sample 
survey in Germany. Support Care Cancer 24(1):367–76. https:// 
doi. org/ 10. 1007/ s00520‑ 015‑ 2779‑5

 21. Link H, Kerkmann M, Holtmann L, Ortner P, Working Groups 
Supportive C, Medical Oncology within the German Cancer S 
(2019) G‑CSF guideline adherence in Germany, an update with a 
retrospective and representative sample survey. Support Care Can‑
cer 27(4):1459–69. https:// doi. org/ 10. 1007/ s00520‑ 018‑ 4481‑x

 22. Link H, Diel I, Ohlmann CH, Holtmann L, Kerkmann M, Asso‑
ciations Supportive Care in Oncology MOUOwtGCS et  al 
(2020) Guideline adherence in bone‑targeted treatment of cancer 
patients with bone metastases in Germany. Support Care Cancer 
28(5):2175–84. https:// doi. org/ 10. 1007/ s00520‑ 019‑ 05018‑2

 23. R_Core_Team (2020) R: A Language and Environment for Sta‑
tistical Computing. Organisation: R Foundation for Statistical 
Computing, Vienna, Austria

 24. Andersen PK, Gill RD (1982) Cox’s regression model for count‑
ing processes: a large sample study. Ann Statist 10(4):1100–1120. 
https:// doi. org/ 10. 1214/ aos/ 11763 45976

 25. Benjamini Y, Hochberg Y (1995) Controlling the false discov‑
ery rate: a practical and powerful approach to multiple testing. J 

5199Supportive Care in Cancer (2022) 30:5187–5200

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1200/JCO.2020.38.15_suppl.8026
https://doi.org/10.3324/haematol.2014.107714
https://doi.org/10.3324/haematol.2014.107714
https://doi.org/10.3324/haematol.2017.182006
https://doi.org/10.3389/fimmu.2019.00033
https://doi.org/10.1038/s41375-019-0388-x
https://doi.org/10.1038/s41375-019-0388-x
https://doi.org/10.1586/1744666X.2014.902314
https://doi.org/10.1128/microbiolspec.DMIH2-0026-2016
https://doi.org/10.1128/microbiolspec.DMIH2-0026-2016
https://doi.org/10.1080/17474086.2018.1407645
https://doi.org/10.1038/bcj.2016.105
https://doi.org/10.1056/NEJM198810063191403
https://doi.org/10.1056/NEJM198810063191403
https://doi.org/10.1016/s0140-6736(94)90180-5
https://doi.org/10.1016/s0140-6736(94)90180-5
https://doi.org/10.1080/10428190902856824
https://doi.org/10.1080/10428190902856824
https://doi.org/10.3389/fimmu.2014.00626
https://doi.org/10.3389/fimmu.2014.00626
https://doi.org/10.1002/eji.201444700
https://doi.org/10.1002/eji.201444700
https://www.onkopedia.com/de/onkopedia/guidelines/immundefekte-sekundaer/@@guideline/html/index.html#ID0EFYAE
https://www.onkopedia.com/de/onkopedia/guidelines/immundefekte-sekundaer/@@guideline/html/index.html#ID0EFYAE
https://www.onkopedia.com/de/onkopedia/guidelines/immundefekte-sekundaer/@@guideline/html/index.html#ID0EFYAE
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-core-smpc-human-normal-immunoglobulin-intravenous-administration-ivig-rev-5_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-core-smpc-human-normal-immunoglobulin-intravenous-administration-ivig-rev-5_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-core-smpc-human-normal-immunoglobulin-intravenous-administration-ivig-rev-5_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-core-smpc-human-normal-immunoglobulin-intravenous-administration-ivig-rev-5_en.pdf
http://www.bundesaerztekammer.de/downloads/QLL_Haemotherapie_2014.pdf
http://www.bundesaerztekammer.de/downloads/QLL_Haemotherapie_2014.pdf
https://doi.org/10.1016/j.annonc.2020.09.019
https://doi.org/10.1016/j.annonc.2020.09.019
https://doi.org/10.1038/s41375-020-0876-z
https://doi.org/10.1007/s00520-015-2779-5
https://doi.org/10.1007/s00520-015-2779-5
https://doi.org/10.1007/s00520-018-4481-x
https://doi.org/10.1007/s00520-019-05018-2
https://doi.org/10.1214/aos/1176345976


1 3

Roy Stat Soc Ser B (Methodol) 57(1):289–300. https:// doi. org/ 10. 
2307/ 23461 01 (citeulike‑article‑id:1042553)

 26. CTEP: Common Terminology Criteria for Adverse Events 
(CTCAE) v5.0. https:// ctep. cancer. gov/ proto colde velop ment/ elect 
ronic_ appli catio ns/ docs/ CTCAE_ v5_ Quick_ Refer ence_ 5x7. pdf 
(2017) 

 27. Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new 
method of classifying prognostic comorbidity in longitudinal stud‑
ies: development and validation. J Chronic Dis 40(5):373–383. 
https:// doi. org/ 10. 1016/ 0021‑ 9681(87) 90171‑8

 28. Jolles S, Michallet M, Agostini C, Albert MH, Edgar D, Ria R 
et al (2021) Treating secondary antibody deficiency in patients 
with haematological malignancy: European expert consensus. Eur 
J Haematol 106(4):439–449. https:// doi. org/ 10. 1111/ ejh. 13580

 29. Drayson MT, Bowcock S, Planche T, Iqbal G, Pratt G, Yong K 
et al (2019) Levofloxacin prophylaxis in patients with newly diag‑
nosed myeloma (TEAMM): a multicentre, double‑blind, placebo‑
controlled, randomised, phase 3 trial. Lancet Oncol 20(12):1760–
1772. https:// doi. org/ 10. 1016/ s1470‑ 2045(19) 30506‑6

 30. Moore L, Bartels T, Persky DO, Abraham I, Kumar A, McBride 
A (2021) Outcomes of primary and secondary prophylaxis of 
chemotherapy‑induced and febrile neutropenia in bendamustine 
plus rituximab regimens in patients with lymphoma and chronic 
lymphocytic leukemia: real‑world, single‑center experience. 
Support Care Cancer 29(8):4867–4874. https:// doi. org/ 10. 1007/ 
s00520‑ 020‑ 05982‑0

 31. Bouvet E, Borel C, Obéric L, Compaci G, Cazin B, Michallet 
A‑S et al (2013) Impact of dose intensity on outcome of fludara‑
bine, cyclophosphamide, and rituximab regimen given in the first‑
line therapy for chronic lymphocytic leukemia. Haematologica 
98(1):65–70. https:// doi. org/ 10. 3324/ haema tol. 2012. 070755

 32. Casulo C, Maragulia J, Zelenetz AD (2013) Incidence of 
hypogammaglobulinemia in patients receiving rituximab and the 
use of intravenous immunoglobulin for recurrent infections. Clin 
Lymphoma Myeloma Leuk 13(2):106–111. https:// doi. org/ 10. 
1016/j. clml. 2012. 11. 011

 33. De Angelis F, Tosti ME, Capria S, Russo E, D’Elia GM, Anne‑
chini G et al (2015) Risk of secondary hypogammaglobulinaemia 
after Rituximab and Fludarabine in indolent non‑Hodgkin lym‑
phomas: A retrospective cohort study. Leuk Res 39(12):1382–
1388. https:// doi. org/ 10. 1016/j. leukr es. 2015. 10. 013

 34. Sacco KA, Abraham RS (2018) Consequences of B‑cell‑depleting 
therapy: hypogammaglobulinemia and impaired B‑cell reconsti‑
tution. Immunotherapy 10(8):713–728. https:// doi. org/ 10. 2217/ 
imt‑ 2017‑ 0178

 35. Barmettler S, Ong MS, Farmer JR, Choi H, Walter J (2018) Asso‑
ciation of Immunoglobulin levels, infectious risk, and mortality 
with rituximab and hypogammaglobulinemia. JAMA Netw Open 

1(7):e184169. https:// doi. org/ 10. 1001/ jaman etwor kopen. 2018. 
4169

 36. Andersen MA, Vojdeman FJ, Andersen MK, Brown Pde N, 
Geisler CH, Weis Bjerrum O et al (2016) Hypogammaglobuline‑
mia in newly diagnosed chronic lymphocytic leukemia is a predic‑
tor of early death. Leuk Lymphoma 57(7):1592–1599. https:// doi. 
org/ 10. 3109/ 10428 194. 2016. 11420 82

 37. Karlsson J, Andréasson B, Kondori N, Erman E, Riesbeck K, 
Hogevik H et al (2011) Comparative study of immune status to 
infectious agents in elderly patients with multiple myeloma, Wal‑
denstrom’s macroglobulinemia, and monoclonal gammopathy of 
undetermined significance. Clin Vaccine Immunol 18(6):969–977. 
https:// doi. org/ 10. 1128/ cvi. 00021‑ 11

 38. Goede V, Cramer P, Busch R, Bergmann M, Stauch M, Hopfinger 
G et al (2014) Interactions between comorbidity and treatment 
of chronic lymphocytic leukemia: results of German Chronic 
Lymphocytic Leukemia Study Group trials. Haematologica 
99(6):1095–1100. https:// doi. org/ 10. 3324/ haema tol. 2013. 096792

 39. Engelhardt M, Ihorst G, Duque‑Afonso J, Wedding U, Spät‑
Schwalbe E, Goede V et al (2020) Structured assessment of frailty 
in multiple myeloma as a paradigm of individualized treatment 
algorithms in cancer patients at advanced age. Haematologica 
105(5):1183–1188. https:// doi. org/ 10. 3324/ haema tol. 2019. 
242958

 40. Engelhardt M, Domm AS, Dold SM, Ihorst G, Reinhardt H, Zober 
A et al (2017) A concise revised Myeloma Comorbidity Index as 
a valid prognostic instrument in a large cohort of 801 multiple 
myeloma patients. Haematologica 102(5):910–921. https:// doi. 
org/ 10. 3324/ haema tol. 2016. 162693

 41. Palumbo A, Bringhen S, Mateos M‑V, Larocca A, Facon T, Kumar 
SK et al (2015) Geriatric assessment predicts survival and toxici‑
ties in elderly myeloma patients: an International Myeloma Work‑
ing Group report. Blood 125(13):2068–2074. https:// doi. org/ 10. 
1182/ blood‑ 2014‑ 12‑ 615187

 42. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP et al (2007) The Strengthening the Report‑
ing of Observational Studies in Epidemiology (STROBE) state‑
ment: guidelines for reporting observational studies. PLoS Med 
4(10):e296. https:// doi. org/ 10. 1371/ journ al. pmed. 00402 96

 43. Hoffmann W, Latza U, Baumeister SE, Brünger M, Buttmann‑Sch‑
weiger N, Hardt J et al (2019) Guidelines and recommendations 
for ensuring Good Epidemiological Practice (GEP): a guideline 
developed by the German Society for Epidemiology. Eur J Epide‑
miol 34(3):301–317. https:// doi. org/ 10. 1007/ s10654‑ 019‑ 00500‑x

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

5200 Supportive Care in Cancer (2022) 30:5187–5200

https://doi.org/10.2307/2346101
https://doi.org/10.2307/2346101
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1111/ejh.13580
https://doi.org/10.1016/s1470-2045(19)30506-6
https://doi.org/10.1007/s00520-020-05982-0
https://doi.org/10.1007/s00520-020-05982-0
https://doi.org/10.3324/haematol.2012.070755
https://doi.org/10.1016/j.clml.2012.11.011
https://doi.org/10.1016/j.clml.2012.11.011
https://doi.org/10.1016/j.leukres.2015.10.013
https://doi.org/10.2217/imt-2017-0178
https://doi.org/10.2217/imt-2017-0178
https://doi.org/10.1001/jamanetworkopen.2018.4169
https://doi.org/10.1001/jamanetworkopen.2018.4169
https://doi.org/10.3109/10428194.2016.1142082
https://doi.org/10.3109/10428194.2016.1142082
https://doi.org/10.1128/cvi.00021-11
https://doi.org/10.3324/haematol.2013.096792
https://doi.org/10.3324/haematol.2019.242958
https://doi.org/10.3324/haematol.2019.242958
https://doi.org/10.3324/haematol.2016.162693
https://doi.org/10.3324/haematol.2016.162693
https://doi.org/10.1182/blood-2014-12-615187
https://doi.org/10.1182/blood-2014-12-615187
https://doi.org/10.1371/journal.pmed.0040296
https://doi.org/10.1007/s10654-019-00500-x

	Immunoglobulin substitution in patients with secondary antibody deficiency in chronic lymphocytic leukemia and multiple myeloma: a representative analysis of guideline adherence and infections
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusions 

	Methods
	Statistical methods
	Patients
	Parameters studied

	Results
	Patient demographics and disease stage and therapy
	Infections
	Assessment of IgG concentration and IgRT
	Guideline adherence (GLAD score)
	Guideline adherence and susceptibility to infections
	Guideline adherence and severity of infections
	Risk factors for infectious events

	Discussion
	References


