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TGL >5.5 g/L) subgroups and compared for outcomes, including fatal infectious events. In our cohort, 12 (12.5%; 8 males;
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stages, inflammatory parameters or chemotherapy regimen between both groups. However, overall (10/12, 83.3% versus 22/96,

26.2%; p=0.03) and infection-related death rates (10/12, 83% versus 6/96, 6.2%; p<0.001) were significantly higher in the

L-TGL group. Conclusion: We demonstrate for the first time the strong negative impact of L-TGL on overall and infection-

related mortality in DLBCL. Prospective studies should distinguish DLBCL-related SIDs from preexisting humoral PIDs, using

biomolecular testing and post-treatment TGLs monitoring to determine the best management strategy for infectious risk during
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Abstract

Objective: Diffuse-large-B-cell-lymphoma (DLBCL) can complicate B-cell-primary-immunodeficiencies
(PIDs) course or induce total gamma-globulin level (TGL) lowering, whose clinical status as an effective
secondary immunodeficiency (SID) remains unspecified. This study aims to assess the frequency, clinical and
prognostic relevance of the lowest TGLs discovered at DLBCL diagnosis.

Results: In a two year monocentric retrospective cohort, 96 patients diagnosed with DLBCL who had
a serum electrophoresis (SEP) were included. Patients were divided into the lowest (L)- and the highest
(H)-TGLs (TGL [?]5.5 g/L and TGL >5.5 g/L) subgroups and compared for outcomes, including fatal
infectious events. In our cohort, 12 (12.5%; 8 males; median age: 68 [55—82] years) exhibited L-TGL.
There was no differences regarding demographics, Ann-Arbor-lymphoma-stages, inflammatory parameters
or chemotherapy regimen between both groups. However, overall (10/12, 83.3% versus 22/96, 26.2%; p=0.03)
and infection-related death rates (10/12, 83% versus 6/96, 6.2%; p<0.001) were significantly higher in the
L-TGL group.

Conclusion: We demonstrate for the first time the strong negative impact of L-TGL on overall and infection-
related mortality in DLBCL. Prospective studies should distinguish DLBCL-related SIDs from preexisting
humoral PIDs, using biomolecular testing and post-treatment TGLs monitoring to determine the best man-
agement strategy for infectious risk during DLBCL treatment in L-TGL context.

KEY WORDS : Tumour Immunology, Immunodeficiency Diseases, Cancer, Antibodies, Immun-
odeficiency Diseases

Introduction
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. Recurrent bacterial, viral, fungal and/or parasitic infections are the hallmark events of primary and sec-
ondary immunodeficiencies. The most common forms of primary immunodeficiencies (PIDs) are related to
inherited adaptive immune system dysfunctions that involve B and/or T cells not unfrequently discovered
in adulthood. For secondary immunodeficiencies (SIDs), the main causes correspond to chemotherapy or
immunosuppressant use or are related to underlying diseases such as cancers, lymphomas, and systemic
inflammatory/autoimmune diseases. Other causes and mechanisms of SIDs proceed from protein wasting or
metabolic disorders, including severe general state impairment.

In addition to infections, other events, such as autoimmune cytopenias, cancers or lymphoproliferative dis-
orders, including diffuse large B cell lymphoma (DLBCL), can complicate the natural history of PIDs.(1–3)
The most frequent subtype, common variable immunodeficiency (CVID), renders affected patients more
prone to developing lymphomas(4–7) and mostly frequent infections identified as the main feature, respon-
sible for diagnosis and main cause of death in this population.(2,8,9) The diagnosis of PIDs is often delayed
for several years, because of their clinical heterogeneity and the higher frequency of banal and neglected
infections. In this context, both the onset date and natural history of the different complications of PIDs,
such as malignant events, remain little known.

We therefore hypothesized that DLBCL with a datable diagnosis might also reveal PIDs with possible
previous infectious events that had not led to the recognition of a PID. No study has yet determined the
prevalence of PIDs in adults revealed by lymphoma since the diagnostic criteria of PIDs do not take into
account lymphoma.(10–15) On the one hand, humoral PIDs, including CVID, are frequent forms of PIDs and
can be easily be suggested by low serum total gamma-globulin level identified using serum electrophoresis
(SEP) performed at DLBCL diagnosis. On the other hand, DLBCL, the most frequent of lymphoproliferative
disorders, can also induce a decrease in serum total gamma-globulin level (TGL) because of clonal selection
and proliferation. However, the frequency, the risk and prognosis of infectious events related to L-TGL
discovered at DLBCL diagnosis are unknown and no specific therapeutic strategy is therefore recommended
in this context. Meanwhile, in the context of multiple myeloma or chronic lymphoid leukemia, the lowest
(L)-TGL are well recognized to correspond to an SID with a documented increased infectious events and
risk that therefore requires polyvalent immunoglobulin infusions.(16–19)

The clinical relevance and utility of SEP performance for L-TGL research in DLBCL is unknown, both at
diagnosis and during the therapeutic follow-up of the lymphoproliferative disorder. Moreover, the association
of SEP and DLBCL is of particular interest, as SEP can be easily and routinely performed at DLBCL
diagnosis, in order to at least assess the functionality of the B cell compartment and because DLBCL onset,
unlike the onset of indolent lymphomas, can easily be dated based on B symptoms and rapid tumoral
syndrome.

Herein, we conducted a retrospective study to assess the clinical and prognostic relevance of L-TGL discovery
at DLBCL diagnosis in Caen Tertiary Hospital. Our main judgment criteria were the frequency of L-TGL in
comparison to H-TGL at DLBCL diagnosis, the mortality rates and main causes of death, especially those
related to infectious events among subgroups.

Methods

DLBCL patients ‘cohort

Inclusion criteria and definitions

We retrospectively extracted from the monocentric lymphoma database of Caen University Hospital all pa-
tients diagnosed with DLBCL between January 2015 and December 2016, counted those with SEP performed
at diagnosis before receiving any specific treatments. Included patients were categorized into two groups
according to whether they exhibited L-TGL or H-TGL on SEP at DLBCL diagnosis. Although CVID di-
agnosis requires a threshold < 5 g/L of IgG isotype in addition to other biological, clinical and anamnestic
criteria(20–22), we chose serum total gamma-globulin level because it is an easily available biological test.
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. We defined L-TGL as all TGL values [?] 5.5 g/L on SEP as it is < 50% of lower range of our laboratory norm
similarly to what was used in others studies in hematological malignancies(19) and because IgG represent
75% of TGL in the absence of monoclonal gammapathy, it would be unlikely to have more than 5g/L of IgG.

Exclusion criteria

As our hypothesis is based on L-TGL being a possible marker of PID or SID related to the DLBCL condition,
we excluded all patients exhibiting an associated monoclonal peak on SEP; unrelated increased loss of serum
protein such as exudative enteropathy, extended burns or nephrotic syndrome; previous treatment with
cytotoxic drugs or immunosuppressant; and previous PID or SID diagnosed before DLBCL.

Studied parameters

For all patients, demographic information at diagnosis, disease status, chemotherapy regimen, Ann Arbor
staging classification, central nervous system involvement (CNS) involvement, and international prognosis
index (IPI) and outcome data were collected until the last follow-up date. For biological data, C-reactive
protein (CRP), albumin, lymphocytes count, lactate deshydrogenase (LDH) and ferritin levels were collected
at time of diagnosis in the absence of an infectious process, and when available, IgG, IgM, and IgA levels
were implemented. We considered the albuminemia/gammaglobulinemia ratio (AG ratio) to discriminate
possible causes for L-TGL : 1) For an unspecific decrease in TGL related to general state impairment, a
decrease in albumin should be associated to decrease in TGL, with an unaltered AG ratio; 2) For a specific
decrease in TGL directly related to our hypotheses, i.e., L-TGL due to either an undiagnosed PID or a SID
developed with DLBCL, the albumin level should be close to normal value, resulting in an increase in the
AG ratio.

Statistical analyses

Data were compiled as the median [range] or a number (%). Continuous variables were analyzed using the
Mann-Whitney test, and Fisher’s test was used to compare categorical variables. A p value < 0.05 was
considered statistically significant.

Predictors of death in DLBCL were evaluated using COX proportional hazard models. All the variables
showing a univariate p-value less than 0.20 were entered into a multivariable logistic regression model.
Results were expressed as hazard ratios (HRs) with 95% confidence intervals (95% CI). Two-sided P-values
lower than 0.05 were considered significant.

Overall survival in DLBCL and subgroups L-TGL and H-TGL were analyzed using the Kaplan-Meier method,
and these variables were compared using the log-rank test.

All statistical analyses were performed using GraphPad Prism software (7.0) and JMP 9.0.1 (SAS Institute
Inc., Cary, NC, USA).

Results

Out of 122 patients diagnosed with DLBCL during the pre-specified period, 96 (74.8%) had a SEP before
any chemotherapy, and among them, 12 (12.5%; 8 males; median age: 68 [55-89] years) had L-TGL. De-
mographical and biological data for both the L-TGL (n=12; TGL[?]5.5 g/L) and H-TGL (n=84; TGL>5.5
g/L) subgroups are summarized in Table 1.

Ann Arbor staging and International prognosis index were comparable between L-TGL and H-TGL groups.
However no Richter syndrome was reported in the L-TGL group, but 2 were described in the H-TGL group.
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. IgG level was lower in L-TGL regardless of albumin and inflammatory status

Immunoglobulin isotype levels were available only in two-thirds (8/12) of L-TGL and in approximately half
(46/84; 55%) of H-TGL patients, respectively: the median levels of IgG were significantly lower (p<0.001)
in the L-TGL subgroup than in the H-TGL subgroup and in parallel with TGL levels, whereas the IgA and
IgM levels were not significantly different (p=0.31 and 0.32, respectively). No patient had detectable viral
load for Epstein Barr virus or Cytomegalovirus or active bacterial infection at diagnosis.

The serum total protein level was lower (p<0.01) and AG ratio was higher (p<0.01) in L-TGL than in
H-TGL patients. Even though higher serum ferritin levels were found in L-TGL patients than in H-TGL
patients (p=0.02), which could indicate higher biological inflammatory status or specific organ involvement,
the levels of CRP were comparable in both subgroups.

Lymphocyte level was significantly lower in L-TGL patients (p=0.02), but was comparable between L-TGL
and H-TGL deceased patients (Table 1).

Death rate and infection related death are higher in L-TGL subgroup

The mortality rate was higher in L-TGL (mortality rate: 10/12 [83%] versus 22/84 [26.2%]; p=0.03) and
median follow-up duration was shorter (follow-up duration: 15.2 months versus 55.53 months; p<0.001)
than in H-TGL subgroup (Table 1). Similarly, the rate of death caused by an infection was significantly
higher in L-TGL than in H-TGL patients (10/10 [100%] versus 6/22 [27.3%]; p<0.001), as shown in Table
1. In H-TGL patients, deaths were caused by DLBCL progression for most patients (54.5%; 12/22 deceased
patients), whereas the remaining patients (18.2%; 4/22 deceased patients) died from other causes that were
independent of the background disease or related treatments.

Regarding infection-related deaths, no opportunistic infection was identified. All 10 deaths in L-TGL sub-
group and 3 out of 6 infection-related deaths in H-TGL subgroups were related to pleuro-pneumopathy, either
associated or not with ear, nose and throat infections and/or Streptococcus pneumoniae . The remaining
3 H-TGL infection-related deaths were caused by septic shock-complicated pyelonephritis, staphylococcus
bacteremia and cutaneous cellulitis of the diabetic foot.

As seen on Kaplan Meier curves shown in Figure 1 , the survival of L-TGL patients was significantly lower
(p<0.001) than all the other groups considered in the whole DLBCL patients cohorts, including H-TGL
patients (n=84), all patients who had a SEP (i.e. L-TGL and H-TGL patients considered together; n=96)
and patients who didn’t get a SEP at diagnosis (n= 26).

No concordance between TGL and albumin levels in L-TGL and H-TGL sub-
groups

In addition to the comparisons of demographics, clinical and biological characteristics in both L-TGL and H-
TGL subgroups, shown in Table 1; both subgroups were similar for all clinical and usual biological parameters
including albumin level, except for the lower median TGL (p<0.01) and IgG levels (p<0.01) in L-TGL
patients than in H-TGL patients, as expected. Moreover the AG ratio was higher in L-TGL than in H-TGL
patients (p<0.01) indicating that TGL decrease was more pronounced than that of albumin, suggesting that
albumin serum level was unrelated to TGL in our DLBCL patients subgroups.

Chemotherapy regimen was comparable between L-TGL and H-TGL subgroups

The distribution of chemotherapy regimens is shown in Table 2 between deceased and living patients in both
the L-TGL and H-TGL subgroups. First-line chemotherapy was the R-CHOP regimen (21-day interval;
rituximab, cyclophosphamide, hydroxyadriamycin, vincristine, and oral prednisone) for 85 (88.5%) patients
in total, whereas 3 others, all in the H-TGL subgroup, received ACBVP (two-week interval; adriamycin,
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. cyclophosphamide, bleomycin, vindesine, and oral prednisone) followed by sequential consolidation therapy
consisting of two cycles of methotrexate because of their younger age; 7 others (2 and 5 in the L-TGL and
H-TGL subgroups, respectively) received the RMPV regimen (rituximab, methotrexate, procarbazine, and
vincristine) because of cerebral involvement, and finally, the remaining patient was an elderly patient in the
H-TGL subgroup who refused any chemotherapy.

A second-line chemotherapy regimen was chosen for 37 of the 96 patients, including 9 and 28 patients in
the L-TGL and H-TGL subgroups respectively, whereas third- and fourth-line chemotherapy regimens were
proposed for 10 patients and 2 patients, respectively. As shown in Table 2, the characteristics of patients
who had died and those who remained alive at last follow-up in each subgroup appeared comparable, except
for lymphoma stage: stage I lymphomas were significantly overrepresented in H-TGL patients who remained
alive (p=0.02; Table 2). Of note, stage IV lymphoma and central nervous system involvement were not
significantly associated with death among H-TGL patients, although the low number of events precluded
any firm conclusion (Table 2).

Hypogammaglobulinemia at diagnosis is associated with higher risk of death

Table 3 represents hazard ratio for the different variables studied using a cox proportional hazards model.
Ann Arbor stage IV was positively associated with the occurrence of death (HR 3.47 (1.61-7.47), p < 0.01).
More interestingly, L-TGL was also found to be independently associated with a higher risk of death (HR
12.8 [4.93-34.31], p <0.001) while H-TGL was associated with a lower risk of death (HR 0.21 [0.09-0.46], p
<0.01).

Discussion

This study is the first to estimate and emphasize on the frequency (12.5%) and the clinical utility of L-
TGL determination at DLBCL diagnosis using systematic SEP. We demonstrated that L-TGL has a strong
negative impact on the overall and infectious-related mortality rates. The higher AG ratio in L-TGL than in
H-TGL patients suggests that the pronounced decrease in TGL levels and the associated clinical outcomes
in the L-TGL subgroup may be 1) first, independent of the other possible associated unspecific causes and
2) second, mostly and directly related to one of our two hypotheses: either a pre-existent but previously
undiagnosed PID on which DLBCL developed or an SID directly induced by the DLBCL condition. Finally,
for both hypotheses, considered alone or in combination, the ability of a chemotherapy-induced SID to worsen,
or reveal a greater susceptibility to infections in L-TGL patients is probable but remains unquantifiable in
the context of the design of the present study. Our population was close to what has been described in
France during this period of time, with a median age of 69 years, representing 35 to 40% of patients with
lymphoma.(23,24)

At DLBCL diagnosis SEP is not unanimously recommended according to the international workgroup guide-
lines for malignant lymphoma(13–15), however from the results in our study we propose SEP to be performed
at diagnosis. In our study, there were no significant differences between the two subgroups regarding inflam-
matory parameters, as assessed using CRP level, and albuminemia, suggesting that the decrease in TGL
may not be secondary to metabolic/inflammatory causes or to increased loss of immunoglobulins but is
probably directly related to low gamma-globulin production. In the same manner, since neither the Ann
Arbor staging classification, IPI, nor the chemotherapy regimen were significantly different between the two
groups, the increase in the overall and specific infection-related death rates may be attributed to the decrease
in TGL in L-TGL subgroup. We didn’t exclude neither Richter syndrome nor associated CNS involvement
DLBCL subtypes that could exhibited worst malignant prognosis, because the first were identified only in
H-TGL subgroup and both subtypes didn’t show overall highest mortality rate in this study. Therefore,
we may consider that this study drew up an overall picture of all subtypes of DLBCL. Moreover, showing
that L-TGL patients exhibited a lower survival rate than all other possible subgroups of DLBCL, including
patients who did not get a SEP at diagnosis, we further confirmed the importance of TGL assessment.

The main limitations of this study include its retrospective design with some missing data, including mainly
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. immunoglobulin isotype levels, absence of systematic and reliable assessment of previous infections, and
monitoring of TGL in the follow-up for the entire cohort. Consequently, two main secondary objectives
could not be reached in this study: determination of an approach for eventual CVID diagnosis criteria
and a differentiation scheme for the two causes of L-TGL considered herein, namely, primary or DLBCL-
related secondary immunodeficiencies. We assumed that combining analyses of both DLBCL and TGL
outcomes under chemotherapy should partially help to differentiate these two causes of decrease in TGL
for each patient. Indeed, complete or partial remission of DLBCL and concomitant increase in TGL under
chemotherapy would support a DLBCL-related SID. Conversely, in cases of a lack of response or early death,
no conclusion could be drawn, since chemotherapy would induce a further decrease in TGL for an unknown
duration.

To conclude, while epidemiological data on lymphoma treatment strategies are optimistic and have seen
improvements in survival throughout the years. This study, using a simple, widely and easily available
biological test, seems to show that L-TGL patient subgroup exhibits worse prognosis with higher overall
and infection-related mortality risks than H-TGL subgroup. Therefore, this study argues for the need to
systematically perform at least SEP at lymphoma and especially at DLBCL diagnosis and emphasizes on the
need of further studies to confirm these results especially in prospective studies: 1) to determine nosological
and prognostic distinctions between possible previously undiagnosed PIDs and DLBCL-related SIDs using,
for example, next-generation sequencing methods to uncover molecular defects of humoral PIDs(22,25) and
to assess the timing of a possible TGL recovery after chemotherapy in relation to lymphoma outcomes; 2) to
assess the possible clinical benefit of immunoglobulin supplementation for SIDs, or prophylactic antibiotics,
taking into account advances in chemotherapy and management strategies in Onco-Haematology.
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. Figure and Tables

Figure 1: Kaplan-Meier survival curves of diffuse large B cell lymphoma patients according to
serum total gamma-globulin levels (TGL; lowest (L-) or highest (H-)TGL)

L-TGL: The Lowest-TGL; H-TGL: The Highest-TGL.SEP: Patients with serum electrophoresis; No
SEP:Patients without SEP at diagnosis. Time is expressed in months on the X-axis.

Table I: Diffuse Large B-cell Lymphoma patients’ characteristics and outcome according to
serum total gammaglobulin levels (TGL; lowest (L-) or highest (H-) TGL)

All patients All patients p value Deceased patients Deceased patients p value

L-TGL ([?] 5.5 g/L) patients H-TGL (> 5.5 g/L) patients L-TGL ([?] 5.5 g/L) patients H-TGL (> 5.5 g/L) patients
DLBCL (n =) 12 84 NA 10 22
Sex (M/F) 7/5 33/51 0.12 6/4 11/11 0.71
Age (years) median [range] 65 [55-80] 70 [21-89] 0.89 65 [57-80] 72 [56-85] 0.41
Lymphoma Ann-Arbor-Stage Lymphoma Ann-Arbor-Stage Lymphoma Ann-Arbor-Stage Lymphoma Ann-Arbor-Stage
I 0 16 0.69 0 0 1
II 1 15 0.69 1 2 1
III 4 15 0.29 2 4 1
IV 7 38 0.60 7 16 1
Central nervous system involvement (CNS) 2 5 0.24 2 1 1
Richter syndrome (RS) 0 2 1 0 2 1
International Prognostic Index (IPI)/Risk group (n=) 10 (CNS excluded) 77 (CNS and RS excluded) 8 (CNS excluded) 19 (CNS and RS excluded)
(0-1) Low 1 7 1 1 0 0.31
(2) Low-Intermediate 2 28 0.72 1 2 1
(3) High-Intermediate 4 19 0.48 2 5 1
(4-5) High 4 23 0.73 4 12 1
Total gammaglobulin level (g/L) median [range] 4.8 [2.7-5.5] 9.15 [5.9-19.3] <0.01 4.78 [2.7-5.5] 9.25 [5.9-19.3] <0.01
Immunoglobulin isotype levels dosage, (n=) 8 46 0.80 7 13 1
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. All patients All patients p value Deceased patients Deceased patients p value

IgG level (g/L) median [range] 5.4 [2.8-5.45] 9.6 [6.4-15.7] <0.01 5.45 [2.8-5.45] 11.4 [6.48-13.8] <0.01
IgA level (g/L) median [range] 0.7 [0.35-5.91] 2.3 [0.3-5.0] 0.31 0.61 [0.35-5.91] 1.49 [0.3-2.16] 0.31
IgM level (g/L) median [range] 0.4 [0.2-3.7] 1.0 [0.2-3.3] 0.32 0.46 [0.2-3.7] 1.26 [0.25-1.35] 0.32
CRP level (g/L) median [range] 31 [3-116] 15 [3-237] 0.31 26.5 [3-116] 37 [3-119] 0.31
Ferritin level (μg/L) median [range] 433 [73-1628] 170 [4-3472] 0.02 538.5 [73-1628] 217.5 [93-1496] 0.02
Albumin level (g/L) median [range] 32.5 [24-40.7] 39 [16-50] 0.15 33.8 [24-40.7] 36 [23-46] 0.15
Serum Total protein level (g/L) median [range] 58.17 [46-90] 64.5 [46-72] <0.01 58 [46-90] 63.5 [52-72] 0.24
AG-Ratio median [range] 6.79 [4.62-12.22] 4.39 [1.7-7.13] <0.01 6.79 [4.62-12.22] 4.15 [1.71-7.13] <0.01
LDH (Unit/L) median [range] 341.5 [156-2784] 278 [132-10091] 0.93 285 [156-2784] 366 [162-2793] 0.77
Lymphocytes count (G/L) median [range] 0.8 [0.2-2.58] 1.26 [0.18-7.56] 0.02 0.8 [0.2-2.58] 0.92 [0.27-7.56] 0.27
Follow-up (months), median [range] 15.2 [1.23-57.77] 55.53 [1.17-68.6] <0.001 11.7 [1.23-18.16] 12.18 [1.17-64.23] 0.02
Deaths 10 (83.3%) 22 (26.2%) 0.03 10 (83.3%) 22 (26.2%) 0.03
Causes of deaths Infections DLBCL progression Other causes 10 (100%) 0 (0%) 0 (0%) 6 (27.3%) 12 (54.5%) 4 (18%) <0.001 0.35 1 10 (100%) 0 (0%) 0 (0%) 6 (27.3%) 12 (54.5%) 4 (18%) <0.001 0.35 1

TGL : Total serum Gammaglobulin Level; L-TGL : Lowest-TGL; H-TGL : Highest-TGL; NA: not appli-
cable;IgG (or A, or M) : serum dosage of Immunoglobulin G (or A or M); CRP : serum C-Reactive Protein;
AG-Ratio : Ratio of serum Albumin level on Total serum Gammaglobulin level; DLBCL:Diffuse-Large-
B-Cell-Lymphoma

Table II: Demographical, clinical and main biological characteristics in Diffuse-Large-B-Cell-
Lymphoma deceased patients and patients alive, according to serum total gammaglobulin
levels (TGL; lowest (L-) or highest (H-)TGL)

L-TGL (TGL [?] 5.5 g/L) patients L-TGL (TGL [?] 5.5 g/L) patients L-TGL (TGL [?] 5.5 g/L) patients H-TGL (TGL > 5.5 g/L) patients H-TGL (TGL > 5.5 g/L) patients H-TGL (TGL > 5.5 g/L) patients

Deceased Patients Patients alive p value Deceased Patients Patients Alive p value
N = 10 2 NA 22 62
Sex (M/F) 6/4 1/1 NA 11/11 22/40 0.31
Age (years) median [range] 65 [57-80] 66 [55-78] NA 72 [56-85] 69 [21-89] 0.07
Lymphoma Ann-Arbor-Stage
I 0 0 NA 0 16 0.02
II 1 0 NA 2 13 0.35
III 2 2 NA 4 11 1
IV 7 0 NA 16 22 0.09
Central nervous system involvement (CNS) 2 0 NA 1 4 1
Richter syndrome (RS) 0 0 NA 2 0 0.07
International Prognostic Index (IPI)/Risk group (n=) 8 (CNS excluded) 2 19 (CNS and RS excluded) 58 (CNS excluded)
(0-1) Low 1 0 NA 0 7 0.4
(2) Low-Intermediate 1 0 NA 2 26 0.06
(3) High-Intermediate 2 2 NA 5 14 1
(4-5) High 4 0 NA 12 11 0.02
Chemotherapy Regimen
First-line
RCHOP 8 (80%) 2 (100%) 0.11 21 (95%) 54 (87%) 0.85
RMPV 2 (20%) 0 NA 1 (5%) 4 (6%) 1
ABVD 0 0 NA 0 3 (5%) 0.56
Second-line 7 (70%) 2 (100%) NA 11 (50%) 17 (27%) 0.55
Third-line 3 (30%) 0 NA 4 (18%) 3 (5%) 0.09
Fourth-line 1 (10%) 0 NA 1 (5%) 0 0.27
Total gammaglobulin level (g/L) median [range] 5.2 [2.7-5.5] 4.15 [3.8-4.5] NA 9.25 [5.9-18.3] 9.15 [5.9-17.9] 0.82
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. L-TGL (TGL [?] 5.5 g/L) patients L-TGL (TGL [?] 5.5 g/L) patients L-TGL (TGL [?] 5.5 g/L) patients H-TGL (TGL > 5.5 g/L) patients H-TGL (TGL > 5.5 g/L) patients H-TGL (TGL > 5.5 g/L) patients

Immunoglobulin isotype levels, n 7 1 NA 13 33 1
IgG level (g/L) median [range] 5.45 [2.8-5.45] 4.44 NA 11.4 [6.48-13.8] 9.06 [6.38-14.6] 0.16
IgA level (g/L) median [range] 0.61 [0.35-5.91] 1.11 NA 1.49 [0.28-2.16] 1.42 [1.12-2.47] 0.43
IgM level (g/L) median [range] 0.46 [0.2-3.7] 0.2 NA 1.26 [0.25-1.35] 0.96 [0.18-1.44] 0.57
CRP level (g/L) median [range] 26.5 [3-116] 65 NA 37 [3-119] 11 [3-237] 0.19
Ferritin level (μg/L) median [range] 538.5 [73-1628] 112 NA 217.5 [93-1496] 151 [4-3472] 0.47
Albumin level (g/L) median [range] 33.8 [24-40.7] 32 36 [23-46] 39 [16-50] 0.20
AG-Ratio median [range] 6.79 [4.62-12.22] 7.63 NA 4.15 [1.85-7.13] 4.3 [1.7-6.61] 0.64
LDH (Unit/L) median [range] 285 [156-2784] 776.5 [537-1016] NA 373 [162-2793] 278 [132-10091] 0.69
Lymphocytes count (G/L) median [range] 0.8 [0.2-2.58] 0.62 [0.29-0.95] NA 0.85 [0.27-7.56] 1.26 [0.18-7.56] 0.83

TGL : Total serum Gammaglobulin Level; L-TGL : Lowest-TGL; H-TGL : Highest-TGL; IgG (or A, or
M) : serum dosage of Immunoglobulin G (or A or M); CRP : serum C-Reactive Protein; AG-Ratio : Ratio
of serum Albumin level on Total serum Gammaglobulin level

Table III: Univariate and multivariate Cox proportional hazards model analysis examining
factors associated with the occurrence of death in DLBCL

Hazard ratios (95% CI) Univariate p value Multivariate p value

Sexe 1.4 [0.56-3.7] 0.45
L-TGL 12.8 [4.93-34.31] < 0.001 < 0.01
H-TGL 0.21 [0.09-0.46] <0.01 -
Inflammation (CRP > 10
mg/L)

5.5 [1.54-35.2] < 0.01 NS

Hyperferrininemia
(Ferritine > 300 ug/L)

6.22 [1.5-41.9] 0.01 NS

Stage IV 4.5 [1.6-16.02] < 0.01 NS
Cerebral 1.5 [0.24-5.42] 0.59
Richter 4.16 [0.23-20.34] 0.25
Second line treatment 4.32 [1.6-13.5] < 0.01 NS
Third line treatment 1.76 [0.41-5.35] 0.40

HR: Hazard ratio; TGL : Total serum Gammaglobulin Level; L-TGL : Lowest-TGL; H-TGL : Highest-
TGL;
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