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ABSTRACT
Reduced anticancer efficacy of cyclophosphamide and platinum salts has been reported in animals treated
with anti-Gram-positive antibiotics. These effects were related to translocation of Gram-positive bacteria
during mucositis with subsequent induction of cytotoxic oxygen reactive species and tumor invasion by
pathogenic Th17 cells. To assess these hypotheses in a clinical setting, we identified patients receiving
cyclophosphamide for chronic lymphocytic leukemia (CLL) and cisplatin for relapsed lymphoma. Data
originated from the CLL8 trial (NCT00281918) and the Cologne Cohort of Neutropenic Patients
(NCT01821456). Relevant antibiotics were defined as compounds with primary activity against Gram-
positive bacteria. We evaluated their impact on response, progression-free survival (PFS) and overall
survival (OS) by Kaplan–Meier methodology and Cox proportional hazards regression analysis. Among 800
available CLL patients, those receiving anti-Gram-positive antibiotics (n D 45/800) achieved a significantly
lower overall response rate (OR 74.3% vs. 90.2%, p D 0.007). Patients with anti-Gram-positive antibiotics
progressed significantly earlier, had a reduced OS (median PFS 14.1 vs. 44.1 mo, p < 0.001; median OS
56.1 vs. 91.7 mo, p < 0.001) and multivariate analysis showed that administration of anti-Gram-positive
antibiotic treatment was independently associated with reduced PFS (Hazard ratio (HR) 2.090, p D 0.001)
and OS (HR 2.966, p < 0.001). Of 122 patients with relapsed lymphoma, those treated with anti-Gram-
positive antibiotics (n D 21/122) achieved a significantly lower OR rate (70.3% vs. 42.9%, p D 0.016).
Patients with anti-Gram-positive antibiotics progressed significantly earlier than others (median PFS 2.3 vs.
11.5 mo, p D 0.001). As for multivariate analysis, the use of anti-Gram-positive antibiotics was
independently associated with reduced PFS (HR 2.237, p D 0.012) and OS (HR 7.831, p < 0.001). Our data
supports a potential negative impact of anti-Gram-positive antibiotics on the anticancer activity of
cyclophosphamide and cisplatin in a clinical setting.
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Introduction

Chemotherapy-induced mucositis is characterized by epithelial
barrier inflammation and cell loss. Intestinal mucositis fre-
quently leads to bacterial translocation and subsequent blood-
stream infection, dehydration due to diarrhea, and need for
parenteral nutrition and intravenous analgesics.1 Neutropenic
colitis as its most severe complication has been associated with
increased mortality.2 Recent evidence suggests an even more
complex role for chemotherapy-induced mucositis. Two inde-
pendent groups were able to demonstrate in their respective
mouse models that disruption of the mucous membranes’ bar-
rier function may enable a hitherto unknown mode of action of
cytotoxic treatment.3,4

Viaud et al. showed that administration of cyclophosphamide
leads to mucositis and successive translocation of Gram-positive
bacteria into the mesenteric lymph nodes and spleen, followed by
an increase of interferon-g and a subset of interleukin (IL) 17

secreting splenic T-cells (pathogenic TH17 cells). This finding is
dependent on the presence of translocated gut microbiota in the
respective histological specimens and could not be reproduced in
germ-freemice.4

Furthermore, tumor-bearing mice had reduced regression of
tumor load, if pre-treated with antibiotics, whereas injection of
pathogenic TH17 cells in antibiotic pre-treated mice restored
the antitumor effect of cyclophosphamide. The reduction in
the antitumor effect of cyclophosphamide was more pro-
nounced after exposure to an antibiotic with a focus on the
Gram-positive spectrum, as opposed to antibiotics targeting the
Gram-negative spectrum.

Iida et al. demonstrated that disruption of the microbiota
not only impairs the response of subcutaneous tumors to cpg-
oligonucleotide and anti-IL-10-receptor antibody immunother-
apy, but also to platinum-based chemotherapy agents. The
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group was able to identify specific Gram-positive bacteria that
promoted the antitumor efficacy of the immunotherapeutic
combination by priming of tumor-infiltrating myeloid cells. In
case of the platinum-based therapeutic approach, antitumor
efficacy was improved by bacterial induction of reactive oxygen
species through Toll-like receptors.3

Both works demonstrated a link between administration of
antibiotics targeted at Gram-positive pathogens, composition
of the gut microbiota and efficacy of antineoplastic treatment
in mice. Thus far, it remains unclear, whether these findings
are transferrable to humans.

To investigate the impact of antibiotic treatment on antineo-
plastic treatment outcomes in humans, we identified two repre-
sentative patient populations: first, patients treated with a
cyclophosphamide containing first-line therapy for CLL and
second, patients treated with a cisplatin containing regimen for
relapsed lymphoma. For both populations, we analyzed poten-
tial associations between anti-Gram-positive antibiotic treat-
ment and patient outcome.

Results

Out of 817 patients randomized in the CLL 8 trial, 800 (97.9%)
patients received chemo(immuno)therapy and had data on
concomitant medications available, thus constituting the study
population for this analysis.

721 patients (90.1%) received any kind of antibiotic treat-
ment. According to our definition, 45 patients (5.6%) received
relevant antibiotics, 676 patients (84.5%) received non-relevant
antibiotics and 79 patients (9.9%) received no antibiotics. Of
those receiving relevant antibiotic, 24 patients were allocated to
receive FC and 21 patients to receive FCR.

Comparison of baseline characteristics of patients receiving
relevant antibiotics with those receiving no/irrelevant antibiot-
ics yielded no statistically significant difference with regard to
distribution of age, sex, Binet stage, ECOG performance status,
genomic aberrations, IGHV and TP53 mutational status as well
as s-b2m. Patients receiving relevant antibiotics were, however,
more likely to discontinue chemo(immuno)therapy (53.3%
[n D 24] vs. 26.6% [n D 201], p < 0.001) and to have elevated
levels of s-TK (90.6% [n D 29] vs. 74.4% [n D 416], p D 0.039).
There were no significant differences in reasons for early with-
drawal between groups ( p D 0.362). Reasons for early with-
drawal are specified in Table S1.

Patient characteristics and outcomes by antibiotic treatment
category for each variable are detailed in Table 1.

Patients with relevant antibiotics were significantly less
likely to achieve an OR compared to patients who received no
or irrelevant antibiotics (74.3% [n D 26] vs. 90.2% [n D 651],
p D 0.007). There was no significant difference in OR between
patients receiving irrelevant and no antibiotics (89.0% [n D
430] vs. 92.1% [n D 70], p D 0.417). See also Fig. S5 for
Kaplan–Meier estimates by antibiotic category.

Patients who had received relevant antibiotics progressed
significantly earlier (median PFS 14.1 mo) than patients in the
no/irrelevant group (median PFS 44.1 mo, p < 0.001) (see
Fig. 1). OS was significantly reduced, as well (median OS
56.1 vs. 91.7 mo, p < 0.001; Fig. S1). PFS and OS were not sig-
nificantly different between patients receiving irrelevant and no

antibiotics (median PFS 43.3 vs. 48.3 mo, p D 0.996 and
median OS 90.2 mo vs. not reached, p D 0.528).

Of note, this effect of antibiotic treatment on response, PFS
and OS could also be demonstrated analyzing both treatment
arms, FC and FCR, separately (Table S2 and Figs. S2 and 3).
While most differences observed between groups were statisti-
cally significant in this subgroup analysis, only a trend was
observed for end of treatment response after treatment with FC
(Table S2).

To account for potential bias due to undertreatment
resulting from infectious complications, the analysis was
repeated in the group of patients having received six cycles
(n D 575) of chemotherapy and those having achieved a
response at interim staging (n D 666). Patients with six
cycles of therapy or response at interim staging respectively,
and concomitant relevant antibiotics (n D 21 and n D 30,
respectively) progressed significantly earlier (median PFS
24.3/16 mo) than patients who completed therapy without
any or only with irrelevant antibiotics (n D 554 and n D
636, respectively; median PFS 52.4/49.9 mo, p < 0.001/
0.001). Performance of a dose-intensity approach confirmed
our results. To further assess the prognostic role of relevant
antibiotics on chemotherapeutic outcome, a multivariate
analysis of genetic subgroups was performed. Variables
included and results are shown in Table 2 and Table S3.
Administration of relevant antibiotic treatment proved an
independent prognostic factor for reduced PFS and OS (HR
2.073, p D 0.002 and HR 2.966, p < 0.001). Substitution of
the number of cycles by a dose-intensity variable confirmed
our results especially the impact of treatment with relevant
antibiotics.

Relapsed lymphoma

Overall, 122 patients with relapsed lymphoma were identified
and included in the analysis. There were no missing data. Over-
all, 98 patients (80.3%) received any kind of antibiotic treat-
ment and among them 21 (21.4%) received relevant and 77
(78.6%) non-relevant antibiotics. There were 24 patients
(19.7%) without antibiotic treatment.

Patient characteristics and outcomes by antibiotic treat-
ment category are detailed in Table 3. Concerning baseline
characteristics, there were no significant differences in the
distribution of age, gender, type of lymphoma, days to
relapse and ECOG performance status between patients with
and without relevant antibiotic treatment. Patients who
received relevant antibiotics were significantly more likely to
be categorized as Ann Arbor stage � 3 (85.7% [n D 18] vs.
61.4% [n D 62], p D 0.033) and to have received only one
cycle of (R)-DHAP instead of two as planned (42.9% [n D 9]
vs. 3% [n D 3], p � 0.001). Overall, nine patients received
relevant antibiotics and failed to complete at least two cycles
of (R)-DHAP. In none of them, cytotoxic therapy was
aborted due to an infectious complication, but due to pro-
gression of lymphoma.

Patients who received relevant antibiotics were significantly
less likely to achieve OR (42.9% [n D 9] vs. 70.3% [n D 71],
p D 0.016), and tended toward failure to achieve CR (9.5%
[n D 2] vs. 15.8% [n D 16], p D 0.055).
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There was no significant difference in OR between patients
receiving irrelevant and no antibiotics (68.4% [n D 54] vs.
77.3% [n D 17], p D 0.418).

Progression was observed significantly earlier in patients
who had received relevant antibiotics (median PFS 2.3 mo)
compared to patients categorized into the no/irrelevant antibi-
otics group (median PFS 11.5 mo, p D 0.001) (Fig. 2). OS was
significantly reduced, as well (median OS 5.6 vs. 96.8 mo,
p < 0.001; Fig. S4).

PFS and OS were not significantly different between patients
receiving irrelevant and no antibiotics (median PFS 10.4 vs.
46.6 mo, p D 0.466 and median OS 96.8 mo vs. not reached,
p D 0.243).

In the Cox proportional hazards regression analysis admin-
istration of relevant antibiotic treatment was an independent
prognostic factor for reduced PFS (HR 2.237, p D 0.012) and
OS (HR 7.831, p < 0.001; Table 4 and Table S4).

Discussion

In our analysis, we assessed the influence of antibiotics on the
outcome of chemotherapy containing cyclophosphamide and
cisplatin for first-line treatment of CLL or relapsed lymphoma,

respectively. The populations for this analysis were chosen to
best transfer the crucial components in the mouse models of
Viaud et al. and Iida et al.3,4 into a clinical setting. In both pop-
ulations, we identified treatment with antibiotics with an anti-
Gram-positive focus as an independent risk factor for signifi-
cantly reduced PFS and OS.

According to Viaud et al., anticancer efficacy of cyclophos-
phamide was reduced after administration of anti-Gram-posi-
tive antibiotics. Translocation of Gram-positive commensal
bacteria into secondary lymphoid organs due to mucositis with
subsequent priming and recruitment of pathogenic TH17 cells
into the tumor bed was described as the underlying mechanism
of action.4 Patients enrolled in the CLL8 study received either
FC or FCR, both containing cyclophosphamide, thus, the effect
of antibiotics on treatment outcome could be assessed in all
study participants. The considerable size of effect of treatment
with FC or FCR and the possibility of obtaining long-term fol-
low-up data made this a particularly suitable population for
our analysis.

In the mouse model used by Iida et al., antibiotic treatment
similarly attenuated the anticancer efficacy of platinum salts.
Again, commensal bacteria, in particular from the Gram-posi-
tive spectrum, were shown to play a crucial role in the

Table 1. Baseline characteristics and outcome CLL patients.

Administration of antibiotics

Baseline characteristics No / not relevant Relevant p value

All patients, n 755 45
Age > 60 y, n (%) 388 (51.4) 24 (52.2) 0.971
Female Gender, n (%) 192 (25.4) 12 (26.7) 0.853
Treatment with rituximab, n (%) 383 (50.7) 21 (46.7) 0.597
Binet stage, n (%) 754 45
A 37 (4.9) 1 (2.2) 0.689
B 486 (64.5) 29 (64.4)
C 231 (30.6) 15 (33.3)
Total CIRS score, median (range) 1 (0–8) 2 (0–5) 0.059
ECOG performance status, median (range) 0 (0–2) 1 (0–2) 0.149
Administration of six cycles, n (%) 755 45
Yes 554 (73.4) 21 (46.7) < 0.001
Dose reduction, n (%) 754 45
Yes 296 (39.3) 14 (31.1) 0.276
Genomic aberrations by FISH, n (%) 575 33
Normal 128 (22.3) 10 (30.3) 0.291
17p deletion 44 (7.7) 5 (15.2)
11q deletion 133 (23.1) 6 (18.2)
Trisomy 12 57 (9.9) 4 (12.1)
13q deletion 213 (37.0) 8 (24.2)
SF3B1 mutational status, n (%) 583 31
Mutated 107 (18.4) 6 (19.4) 0.892
NOTCH1 mutational status, n (%)
Mutated 56 (9.6) 6 (18.8) 0.122
IGHV mutational status, n (%) 583 31
Mutated 220 (37.7) 9 (29.0) 0329
TP53 mutational status, n (%) 589 32
Mutated 63 (10.7) 6 (18.8) 0.153
s-TK (U/L) 559 32
>10.0, n (%) 416 (74.4) 29 (90.6) 0.039
s-b2m (mg/L) 559 32
>3.5, n (%) 180 (32.2) 14 (43.8) 0.176
Outcome 722 35
OR, n (%) 651 (90.2) 26 (74.3) 0.007
CR 244 (33.8) 8 (22.9) 0.01
PR 407 (56.4) 18 (51.4)
Non-response 71 (9.8) 9 (25.7)

CIRSD cumulative illness rating scale, CR D complete response, ECOGD Eastern Cooperative Oncology Group, FISHD fluorescent in-situ hybridization,
IGHVD immunoglobulin heavy variable chain gene, OR D overall response, PR D partial response, s-b2m D serum b2-microglobuline, sTK D serum thymidine kinase.
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underlying mechanism of action. In their presence, tumor-
associated inflammatory cells were induced to produce reactive
oxygen species essential for platinum genotoxicity.3 Apart from

the treatment of relapsed lymphoma, platinum salts are rou-
tinely used in patients with solid tumors. Since standard treat-
ment regimens for these indications do not generally induce

Figure 1. Progression-free survival in CLL patients p < 0.001 (log-rank).

Table 2. Cox regression progression-free survival in CLL patients.

95% Confidence Interval

COX regression PFS Hazard ratio[HR] Lower Upper p value

Treatment with rituximab 0.524 0.422 0.652 < 0.001
Relevant antibiotics 2.073 1.313 3.275 0.002
Administration of < six cycles 2.016 1.574 2.580 < 0.001
IGHV mutation 0.575 0.444 0.745 < 0.001
s-b2m (mg/L) > 3.5 1.275 1.020 1.593 0.033
17p deletion 3.034 1.794 5.131 < 0.001
11q deletion 1.712 1.327 2.208 < 0.001
TP53 mutation 1.784 1.145 2.778 0.010
SF3B1 mutation 1.450 1.116 1.885 0.005

IGHVD immunoglobulin heavy variable chain gene; s-b2m D serum b2-microglobuline.
Cox regression: Variables included in the model: Treatment arm, administration of antibiotics, administration of six cycles, IGHV mutational status, s- b2m, cytogenetic
mutations according to hierarchical type, TP53 mutational status, SF3B1 mutational status, NOTCH1 mutational status.
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neutropenia, antibiotics for infectious complications are rare in
these populations. Therefore, we decided to limit the analysis
set to patients with relapsed high-grade lymphoma.

The broad variety of factors influencing the prognosis of
hematological malignancies, e.g. genetic factors, infections,
choice of treatment and general status at baseline represented a
major challenge to this study. We addressed this issue with a
carefully executed choice of variables and analysis plan. Interac-
tion between the administration of relevant antibiotics and
early termination of antineoplastic treatment due to infectious
complications remains a potential confounder; this was
addressed by evaluating the reasons for early termination of
antineoplastic treatment. In patients with CLL, the reasons for
withdrawal of study treatment were evenly distributed between
the groups and in the relapsed lymphoma population, the only
nine patients who received relevant antibiotics and failed to
complete at least two cycles of (R)-DHAP did so due to pro-
gression of their lymphoma. In light of these data, we feel confi-
dent to exclude infectious complications as a confounder.

In patients treated for relapsed lymphoma, median OS in
patients with anti-Gram-positive antibiotics (5.6 mo) was sig-
nificantly lower than in patients receiving no/not relevant anti-
biotics (median PFS 96.8 mo, p < 0.001). In the CLL
population, the difference in median PFS was less pronounced
(median PFS 56.1 vs. 91.7 mo, p < 0.001). We assume that the
marked difference between groups in the relapsed lymphoma
population can be attributed to the lower sample size of this
population. Moreover the group of lymphoma patients was
hetergenous. Inclusion of data from other cohorts or interven-
tional studies would help to pinpoint the influence of anti-
Gram-positive antibiotics in this population.

In the two mouse models that served as a basis for the design
of this analysis, Gram-positive bacteria were identified as cru-
cial components in the elucidated pathomechanisms. While we
indirectly assessed the presence of these bacteria by focusing on

antibiotic treatment, we could not establish a clear cause–effect
relationship in the absence of an accompanying microbiome
analysis.

Our analyses were limited in size and retrospective in
nature. Despite our efforts, the effects of statistical confounders
inherent to this kind of setting may not have been fully
accounted for. Further efforts, including fecal microbiome anal-
yses, should be made to reproduce our findings and deepen the
knowledge on the underlying pathomechanisms, as their impli-
cations would be of major concern to physicians and patients
alike. Today, bloodstream infections remain a major cause of
non-relapse mortality in patients with chemotherapy-induced
neutropenia. Empirical use of broad-spectrum antimicrobials
continues as a cornerstone of supportive care in hematology.
Besides these first-line regimens, linezolid and the glycopepti-
des, all of which are targeted at Gram-positive pathogens, are
frequently used as empirical add on treatment in patients with
persistent febrile neutropenia, even though there is no convinc-
ing evidence to support any advantages for this strategy.5,6

While the general value of empiric treatment is undisputed,
more differentiated strategies are conceivable.

The field of microbiota research is growing quickly. Recent
developments highlight the role of specific microbiota in the
pathogenesis and therapy of diseases. In 2013, the first-ran-
domized clinical trial on fecal microbiota transplantations
highlighted its clinical efficacy in achieving clinical cure for
recurrent Clostridium difficile. At the time, a generally reduced
diversity of the gut microbiota was proposed as the major pre-
dictor for disease recurrence; however, a recent analysis using
high-resolution sequencing techniques proposed that a group
of only four bacterial species may confer resistance to Clostrid-
ium difficile infection, based on their ability to modulate their
host’s bile acid metabolism.7

In the field of allogeneic stem cell transplantation, antibiotic-
induced loss of lower intestinal diversity has been proposed as

Table 3. Baseline characteristics and outcome relapsed lymphoma patients.

Administration of antibiotics

No/Not Relevant Relevant p value

Baseline characteristics
All patients, n 101 21
Age> 60 y, n (%) 21 (20.8) 4 (19.0) 0.857
Female Gender, n (%) 37 (36.6) 7 (33.3) 0.774

Type of Lymphoma
HD 41 (40.6) 3 (14.3) 0.056
DLBCL 40 (39.6) 15 (71.4)
T-NHL 12 (11.9) 2 (9.5)
Other� 8 (7.9) 1 (4.8)

Ann Arbor Stage �3, n (%) 62 (61.4) 18 (85.7) 0.033
Days to relapse, median (range) (days) 277 (7–7366) 270 (7–1461) 0.308
ECOG performance status, median (range) 1 (0–3) 1 (0–3) 0.267
ECOG performance status � 2, n (%) 18 (17.8) 5 (23.8) 0.523
Dose reduction, n (%) 4 (4.0) 2 (9.5) 0.275
(R)-DHAP cycles < 2, n (%) 3 (3.0) 9 (42.9) < 0.001
Carboplatin (%) 19 (18.8) 5 (23.8) 0.560
Outcome

OR, n (%) 71 (70.3) 9 (42.9) 0.016
CR 16 (15.8) 2 (9.5) 0.055
PR 55 (54.5) 7 (33.3)
Non-response 30 (29.7) 12 (57.1)

CR D complete response, DLBCLD diffuse large B-cell lymphoma, ECOG D Eastern Cooperative Oncology Group, HD D Hodgkin disease, OR D overall response,
PR D partial response, (R)-DHAP D (rituximab)-dexamethasone, cytarabine and cisplatin,T-NHL D T-cell non-Hodgkin lymphoma

�mantle cell lymphomaD 6, primary mediastinal large B-cell lymphoma D 2, marginal zone lymphomaD 1.
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an independent predictor of adverse outcome, whereas devel-
opment of graft-versus-host disease seems to be a major con-
tributor to mortality in this setting.8,9 Only recently,
commensal bacteria of the genus Blautia were pinpointed as

the missing link between changes in microbiota composition,
development of graft-versus-host disease and an adverse out-
come.10 A second, independent group of researchers has
recently come to similar conclusions.11

Figure 2. Progression-free survival in relapsed lymphoma patients p D 0.001 (log-rank).

Table 4. Cox regression progression-free survival in relapsed lymphoma patients.

95% Confidence interval

COX regression PFS Hazard ratio[HR] Lower Upper p value

Age > 60 y 1.239 0.482 3.188 0.657
Type of lymphoma

Hodgkin disease 1 0.270
Diffuse large B-cell lymphoma 0.752 0.395 1.430 0.385
T-cell non-Hodgkin lymphoma 1.633 0.750 3.556 0.217
Other� 1.164 0.453 2.992 0.753

Ann Arbor Stage � 3 0.788 0.297 2.093 0.632
ECOG performance status � 2 2.161 0.856 5.457 0.103
Relevant antibiotics 7.831 2.966 20.672 <0.001

ECOGD Eastern Cooperative Oncology Group.
�mantle cell lymphomaD 6, primary mediastinal large B-cell lymphoma D 2, marginal zone lymphomaD 1.
Cox regression: Variables included in the model: Age > 60 y, type of lymphoma, Ann Arbor Stage > 3, ECOG performance status > 2, relevant antibiotics.
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In line with these top-down research approaches, further
specification of those bacterial species hypothesized to modu-
late the efficacy of cytotoxic treatment may be a first step
toward development of a targeted bacteriotherapy, designed to
supplement the gut microbiota during indispensable courses of
antibiotic treatment.

Before such measures can be considered, further vaIidation
of our findings are warranted. Prospective cohorts or analyses
conducted in association with randomized controlled trials on
the efficacy of cytotoxic treatment are conceivable settings.

In summary, we assessed the impact of anti-Gram-positive
antibiotics on the outcome of chemotherapy containing cyclo-
phosphamide and cisplatin for CLL and relapsed lymphoma,
respectively. While we identified treatment with these antibiot-
ics as an independent adverse factor for response, PFS and OS,
further vaIidation studies should be performed.

Patients and methods

Patient populations

CLL
Data was selected post-hoc from the CLL8 trial (NCT00281918,
ClinicalTrials.gov), a prospective multicenter randomized
phase III trial evaluating first-line treatment with fludarabine
and cyclophosphamide (FC) without or with rituximab (FCR)
in 817 CLL patients.12 Patients were eligible for inclusion
regardless of age if physically fit and with a low comorbidity
burden as defined by a score of � 6 on the cumulative illness
rating scale (CIRS). For this analysis, the data of all patients
with available information on concomitant medications was
used.

Relapsed lymphoma
Data was selected from the Cologne Cohort of Neutropenic
Patients (CoCoNut), a non-interventional prospective cohort
study assessing risk factors, interventions, and outcome of
immunosuppressed patients (NCT01821456, ClinicalTrials.
gov). Data from all patients undergoing chemotherapy at the
University Hospital Cologne, Germany, are incorporated into
the database. For this analysis, the database was searched for
patients with relapsed lymphoma undergoing treatment with
DHAP (dexamethasone, cytarabine and cisplatin) without or
with rituximab (R-DHAP).

Definitions, endpoints and statistical methods

“Relevant” antibiotics were defined as compounds with a pri-
marily Gram-positive spectrum of activity, i.e., vancomycin,
teicoplanin, linezolid and daptomycin. Patients receiving other
or no antibiotics were grouped into the category “irrelevant or
no antibiotics.”

The impact of administration of relevant antibiotics on the
outcome of patients treated for CLL and relapsed lymphoma
was analyzed. Outcomes assessed were OR, complete response
(CR), PFS and OS. The prognostic meaning of administration
of relevant antibiotics was evaluated applying the Kaplan–
Meier methodology, Log-rank test and Cox proportional-

hazards regression analysis. For all analyses, a complete case
analysis was performed.

Complete and partial response were pooled as OR. PFS and
OS were calculated from randomization (CLL) or start of treat-
ment (relapsed lymphoma), respectively, to disease progression
or death. Subjects without documented event for PFS or OS
were censored at date of last information. Clinical outcomes
were assessed according to NCI-sponsored Working Group cri-
teria and the Revised Response Criteria for Malignant Lym-
phoma, respectively.13,14 All statistical tests were two-sided and
statistical significance was defined by a p value less than 0.05.
The analyses were performed with SPSS V21.0 and SAS 9.2.

Variables

The following variables were considered for both, the CLL and
relapsed lymphoma patient populations: administration of rele-
vant antibiotics (y/n), age < D 60 y (y/n), ECOG (0–5), female
gender (y/n), dose reduction (y/n), OR (y/n), CR (y/n), PFS
and OS.

Additionally, variables specific to the underlying condition
and associated treatments were analyzed. For the CLL dataset,
this included treatment with rituximab (y/n), CIRS score (0–8),
Binet stage (A/B/C), genomic aberrations by fluorescent in situ
hybridization (FISH; 17p deletion/11q deletion/trisomy 12/nor-
mal/13q deletion), immunoglobulin heavy variable chain gene
(IGHV) mutated (y/n), serum thymidine kinase (s-TK) >

10 U/L (y/n), serum b2-microglobuline (s-b2m) > 3.5 mg/L
(y/n), TP53 mutated (y/n), SF3B1 mutated (y/n) and NOTCH1
mutated (y/n).

For the relapsed lymphoma data set, additional variables
included type of lymphoma (Hodgkin’s lymphoma/diffuse large
cell B-cell lymphoma/T-cell lymphoma/other), Ann Arbor clas-
sification at treatment initiation stage� 3 (y/n), time from initi-
ation of last chemotherapy to current relapse treated with (R)-
DHAP (days), ECOG � 2 (y/n), carboplatin instead of cisplatin
(y/n), administration of< 2 cycles of (R)-DHAP (y/n).

Ethical concerns
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with the declaration of Helsinki.
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