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* Toidentify risk factors for infection in patients with diffuse large B cell ymphoma (DLBCL) undergoing
© rituximab, cyclophosphamide, vincristine, adriamycin and prednisolone (R-CHOP) treatment. All
patients with DLBCL who received R-CHOP from 2004-2014 in a tertiary Australian hospital were
identified and information collected from hospital admission data, laboratory results and medical
record review. Infection was defined as hospitalisation with an ICD-10-AM diagnostic code for infection.
Risk factors for infection and association between infection and survival were modelled using Cox
proportional hazards regression. Over the 10-year period there were 325 patients; 191 (58.8%)
males, median age 66 years. 206 (63.4%) patients experienced >1 infection. Independent predictors
of infection were Charlson comorbidity index score (hazard ratio [HR] 3.60, p=0.002), Eastern
Cooperative Oncology Group (ECOG) performance status (HR 2.09 p = <0.001) and neutropenia (HR
2.46, p=<0.001). 99 (31%) patients died. Infection was an independent predictor of survival (HR 3.27,
p=<0.001, as were age (HR 2.49, p=10.001), Charlson comorbidity index (HR 4.34, p= <0.001), ECOG
performance status (HR 4.33, p =0.045) and neutropenia (HR 1.95, p =0.047). Infections are common
and infection itself is an independent predictor of survival. Patients at highest risk of infection and
death are those with multiple comorbidities, poor performance status and neutropenia.

. Non-Hodgkin Lymphoma is one of the most common adult malignancies' and diffuse large B cell lymphoma
. (DLBCL) the most frequent histological subtype?. Treatment with rituximab, cyclophosphamide, doxorubicin,
. vincristine and prednisolone (R-CHOP) is currently standard of care for DLBCL, with three year overall survival
: ranging from 50 to >95% depending upon prognostic variables®. Infection is a common cause of morbidity and
: mortality with neutropenic fever occurring in 10-20% of patients treated for lymphoma*'*. However there is
* limited information on the risk factors and impact of infection among patients treated for DLBCL. The ability to
define a high-risk subset of patients may be useful for targeted application of preventative therapies.
The aim of this study was to determine the incidence, risk factors and timing of infections in patients with
DLBCL treated with R-CHOP and R-CHOP-like chemotherapy, and to explore the association between infection
and overall survival.

Results

Description of patient cohort.  Over the 10-year period there were 325 patients with DLBCL who received
. R-CHOP or R-CHOP-like chemotherapy with curative intent. Median follow up of surviving patients was 2.54
: years (IQR 1.11, 4.93).
: Demographic details are outlined in Table 1. There were 191 (58.8%) males and the median age at diagnosis
. was 67.0 years. The most common Charlson comorbidity score was 0-2 in 270 (83.1%) and the most common
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Age in years (n=325) 66 IQR —55.8-77.1
Female 134 41.3
Sex (n=325)
Male 191 58.8
0-2 270 83.1
Charleson comorbidity score (n=325) | 3-5 48 14.8
6+ 7 2.2
0 73 254
1 111 38.5
ECOG status (n=288) 2 81 28.1
3 22 7.6
4 1 0.4
1 32 10.3
2 86 27.7
Stage (n=310)
3 42 13.6
4 150 48.4
Low risk 26 8.0
Low intermediate 97 29.9
NCCN IPI (n=315)
High Intermediate 113 34.8
High 79 243
R-CHOP 21 286 90.8
R-CHOP 14 20 6.2
R-CEOP 4 1.2
Chemotherapy type (n=325) R-CVP 3 0.9
R-CODOXM/IVAC 3 0.9
Other combinations of rituximab,
X s . 9 2.7
cyclophosphamide, vincristine or prednisolone
1 6 1.9
2 14 4.3
3 16 4.9
No. of chemotherapy cycles (n =316) 4 37 114
5 9 2.8
6 219 67.4
>6 15 4.7
Normal 208 64.0
Creatinine (n=1320)
Raised 112 34.5

Table 1. DEMOGRAPHICS. ECOG = Eastern Cooperative Oncology Group performance status point

scale. NCCN-IPI = International Prognostic Index. R-CHOP-21: rituximab, cyclophosphamide, doxorubicin,
vincristine and prednisolone administered every 21 days. R-CHOP-14: rituximab, cyclophosphamide,
doxorubicin, vincristine and prednisolone administered every 14 days. R-CEOP: rituximab, cyclophosphamide,
etoposide, vincristine and prednisolone. R-CVP: rituximab, cyclophosphamide, vincristine and prednisolone.
R-CODOXM/IVAC: rituximab, cyclophosphamide, doxorubicin, vincristine and prednisolone, cytarabine,
methotrexate.

ECOG status at diagnosis was 1in 111 (38.5%). The most common stage at diagnosis was stage IV in 150 (48.4%).
The median number of R-CHOP chemotherapy cycles was six. 112 (34.5%) had a raised creatinine at baseline.

Description of infections. 206 patients (63.4%) patients experienced at least one infection with a sin-
gle admission in 82 patients (25.2%), two in 50 (15.4%), three in 32 (9.9%) and four or more presentations in
42 (12.9%). Of the 206 patients with an infection, 25 (3.7%) required ICU admission and 19 (2.8%) required
mechanical ventilation. The median time from the first day of chemotherapy to first infection was 85 days (IQR
52-134).

Overall, there were 3732 admissions recorded with 517 (13.9%) infections. The site of infection was recorded
in 322 (62.3%) (Table 2). The most common sites of infection were lower respiratory tract (40.7%), skin and soft
tissue (18.7%) and blood stream infection (15.1%).

A diagnostic code specifying a microbiological organism was reported in 375 (72.5%) of the 517 infection epi-
sodes. Bacteria accounted for 186 (49.6%), viruses for 117 (31.2%) and fungi for 72 (19.2%). Within the bacterial
category, there were 50 (13.6%) blood stream isolates. Of the blood stream isolates, gram-negative bacteria were
the most common isolates, accounting for 39 (10.6%) and E. coli was the most frequently isolated gram-negative
blood stream isolate. Of the blood stream isolates, Staphylococcus species and Streptococcus species accounted for
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Blood stream infection 50 (15.1%)
Lower respiratory tract 135 (40.7%)
Upper respiratory tract 30 (9.0%)
Cardiovascular 8(2.4%)
Gastrointestinal 6(1.8%)
Urogenital 6(1.8%)
Neurological 3(0.9%)
Skin and Soft tissue 62 (18.7%)
Bone and Joint 2(0.6%)
Other 1(0.3%)
Device or line related 24 (7.2%)

Table 2. SITES OF INFECTION - All infectious episodes (n=332).

Staphylococcus aureus 11(2.9)
Bacterial (Gram- Coagulase negative Staphylococcal spp. | 25 (6.7)
positive organisms) 47 Streptococcus pneumoniae 1(0.3)
Other Streptococcal spp. 10 (2.7)
Escherichia coli 15 (4.0)
Klebsiella spp. 12(3.2)
Bacterial (Gram-
negative organisms) Pseudomonas spp. 12 (3.2)
Campylobacter spp. 3(0.8)
Other gram negative bacteria 57 (15.2)
Bacteria other 19 (5.1)
Bacterial other
Clostridium difficile 14 (3.7)
Mycobacterium tuberculosis 5(1.3)
Mycobacterial
Mycobacterium spp. other 2(0.5)
Herpes spp. 10 (2.7)
Varicella zoster virus 10 (2.7)
Hepatitis B 49 (13.1)
Viral Hepatitis C 38(10.1)
HIV 2(0.5)
Influenza 3(0.8)
Viral infection other 5(1.3)
Candida spp. 59 (15.7)
Aspergillus spp. 2(0.5)
Fungal
Other fungal spp. 2(0.5)
Pneumocystitis jirovecci 9(2.4)

Table 3. MICROBIOLOGICALLY CONFIRMED INFECTIONS n=375.

10 (2.7%) and 1 (0.3%), respectively. Of all bacterial isolates, gram-negative bacteria accounted for 99 (27.0%),
gram-postive for 47 (12.8%) and other bacteria for 33 (9%). There were seven patients with Mycobacterium species,
five (1.4%) with tuberculosis and two (0.5%) with other mycobacteria. Of the viral isolates, herpes viruses
accounted for 20 (17.1%), hepatitis B for 49 (41.9%), hepatitis C for 38 (32.5%) and HIV for 2 (1.7%). Within the
fungal category, Candida species accounted for 59 (81.9%) however 39 (54.1%) were oral candidiasis. Aspergillus
species for 2 (2.7%), other fungi for 2 (2.7%) and Pneumocystis jirovecci for 9 (12.5%) infections (Table 3).

Neutropenia was identified in 218 (5.8%) of 3732 admissions. Of admissions in which the patient was neutro-
penic, 59 (27.1%) had an associated infection code compared with 253 (11.3%) of 2227 (59.8%) admissions where
the patient was not neutropenic.

Prior administration of pegfilgrastim was identified in 1439 (38.5%) admissions. Of those patients who
received pegfilgrastim, 141 (9.7%) had an associated infection code compared to 376 (16.4%) of 2293 (62.5%)
patients who did not receive pegfilgrastim.

Predictors of an infectious episode. The results of the regression analysis of factors associated with an
infectious episode are shown in Table 4.

After adjustment for all other model covariates, factors which remained significant predictors of infection
in the multivariable analysis included Charlson comorbidity score three or greater (reference category score
of 2 or less), ECOG status of one, two, three or four (with zero the reference category), and NCCN-IPI low/

SCIENTIFICREPORTS |7:4395 | DOI:10.1038/s41598-017-04495-x 3



www.nature.com/scientificreports/

<65 years 1.00 1.00
Age 1.02to 1.47 0.77to 1.18
>65 years 1.23 p=0.025 0.96 p=0.69
Female 1.00 1.00
Sex 0.81to 1.17 0.77 to 1.19
Male 0.97 =078 0.95 =069
1-2 1.00 1.00
2.88t0 4.51 1.71t0 2.74
Charlson Comorbidity Score 35 3.60 p=<0.001 216 p=<0.001
3.47 t0 8.26 2.43t06.28
6+ 535 p=<0001 |31 p=<0.001
0 1.00 1.00
1.77 to 3.37 1.46 to 3.01
! 244 p=<0001 |%® p=<0.001
ECOG
2 4.58 3.33t06.30 333 2.22t05.04
p=<0.001 p=<0.001
3.89t09.10 1.99 to 5.66
3and 4 5.95 oo <0001 |33 p= <0.001
1 1.00 1.00
1.11to 2.58 1.11t02.84
2 1.69 p=0013 | 178 p=0017
Stage 1.41 to 3.40 1.12t03.17
3 218 p=o0001 |88 p=0.017
1.49 to 3.30 1.04t0 2.82
4 2.22 p=<o.001 |71 p=036
Low risk 1.00 1.00
. . 1.51 to 5.47 1.45t0 12.07
Low intermediate 2.87 p=0.001 4.19 p—0.008
NCCNIPI o ) 2.58109.18 1.29to 12.34
High intermediate 4.87 p= <0.001 3.99 p=0.016
) 2.88 t010.41 1.12to 12.14
High 47 p=<0001 |>® p=0.032
1-2 1.00
0.40 to 1.05 0.71 to 2.04
3-4 0.65 p=0081 |12 p=0.48
Number of chemotherapy 04010096 057015
cycles _ -40t0 0. -57to 1.
¥ 5-6 0.62 pe0035 | 091 0,69
0.73 to 2.05 0.81to2.44
>6 1.22 pe0ddd | 141 02
Normal 1.00 1.00
Creatinine ) 1.31t0 1.90 0.84 t0 1.33
Raised 1.60 p— <0.001 1.06 p—0.64
No 1.00 1.00
Neutropenia within 48 hours 10034l olio317
of admission with infection -10to 3. Olto3.
Yes 2.68 p=<0001 |24 p=<0.001
No 1.00 1.00
Pegfilgrastim w/I 21 days of
admission with infection Yes 0.60 0.40t0 0.74 0.71 0.57100.88
- p=<0.001 | p=0.002

Table 4. Regression analysis of the factors associated with infection in all study patients (n=325).
ECOG = Eastern Cooperative Oncology Group performance status point scale. NCCN-IPI = International
Prognostic Index.

intermediate or greater (reference category low). Neutropenia within 48 hours of admission was also associated
with an increased risk of infection (compared with neutrophil count >1 x 10°/L within the 48 hours prior). The
use of pegfilgrastim in the preceding 21 days was associated with a reduced risk of infection (compared with no
use of pegfilgrastim in the preceding 21 days).

The regression analysis for predictors of infection was also performed including only patients who received
R-CHOP on a 21 day cycle and excluding patients who received R-CHOP like therapy or R-CHOP on a 14 day
cycle. See Table 5.

Overall Survival. Over the 10 year study period, 99 (30.5%) of the 325 patients died. For those who died, the
median time from diagnosis to death was 273 days (129-636 days). The cause of death was progressive lymphoma
in 58 (58.6%), infection in 12 (12.1%), another cancer in five (5.5%), liver failure in four (4.4%), other in seven
(7.1%) and unknown in 11 (11.1%).
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<65 years 1.00 1.00
Age 1.03to 1.51 0.74to 1.16
>65 years 1.25 p=0.023 0.52 p=0.69
Female 1.00 1.00
Sex 0.80 to 1.18 0.81 to 1.24
Male 0.97 p=081 1.00 =093
1-2 1.00 1.00
2.79 to 4.52 1.49 t0 2.50
Charlson Comorbidity Score 35 355 p=<0.001 193 p=<0.001
3.4909.12 2.55t07.11
6+ 565 p=<0001 |*%° p=<0.001
0 1.00 1.00
1.64t0 3.18 1.33t02.86
! 2.28 p=<0001 |1 p=0.001
ECOG
) 430 3.09t05.99 | 4o 2.16t05.21
p=<0.001 p=<0.001
3.8909.10 1.99 to 5.66
3and 4 5.95 p=<0001 |33 p=<0.001
1 1.00 1.00
1.16 t0 2.93 0.82t0 2.29
2 18 p=<0001 | %7 p=0.228
Stage 1.54 to 4.02 0.90 to 2.71
3 249 p=<0001 |7 p=0.110
1.61t03.89 0.79t0 3.17
4 2.51 0,001 1.36 0261
Low risk 1.00 1.00
) ) 1.85t011.17 1.24t07.85
Low intermediate | 4.55 p=0.001 3.12 P=0.015
NCCN IPI o } 3.241019.16 1.1410 8.20
High intermediate | 7.88 p— <0.0001 3.06 p=0.026
) 3.65t0 21.94 0.99 to 8.09
High 8.95 p==<0.0001 |83 p=0.052
1-2 1.00 1.00
0.32t01.11 0.53t01.93
3-4 0.60 0106 1.02 094
Number of chemotherapy ROl Bl
cycles _ 38to 1. .43 to 1.
y 5-6 0.67 5= 0.163 0.77 P 037
0.74 t0 2.67 0.64 to 2.44
>6 1.41 P 0284 1.23 =051
Normal 1.00 1.00
Creatinine ; 1.28101.89 0.85 to 1.42
Raised 1.55 p= <0.0001 1.10 p=048
No 1.00 1.00
Neutropenia within 48 hours 810859 S 0510351
of admission with infection -82108. -05t03.
Yes 492 p=<0.0001 | 268 p=<0.0001
No 1.00 1.00
Pegfilgrastim w/I 21 days of
admission with infection Yes 0.67 0.44 t0 0.69 0.71 0.53t00.85
: p=<0.001 | p=0.001

Table 5. Regression analysis of the factors associated with infection in patients who received R-CHOP
21 (n=286). ECOG = Eastern Cooperative Oncology Group performance status point scale. NCCN-
IPI = International Prognostic Index.

The results of regression analysis of the factors associated with overall survival are shown in Table 6.

After adjustment for all other model covariates, factors which remained significant predictors of overall sur-
vival in the multivariable analysis were age, Charlson comorbidity score of three or greater (reference category
2 or less), ECOG status of one, three or four (with zero reference category), and an infectious episode (Fig. 1).
Chemotherapy cycle number greater than or equal to three was associated with a reduced risk of death compared
with cycle number one and two. The presence of neutropenia was associated with reduced survival (adjusted HR
1.95; 95% CI, 1.01-3.78; p=10.047) compared with no neutropenia.

The regression analysis for predictors of survival was also performed including only patients who received
R-CHOP on a 21 day cycle and excluding patients who received R-CHOP like therapy or R-CHOP on a 14 day
cycle. See Table 7.

SCIENTIFICREPORTS |7:4395 | DOI:10.1038/s41598-017-04495-x 5



www.nature.com/scientificreports/

<65 years 1.00 1.00
Age
§ >65 years 2.50 ;'2456 PSS ;4:2(;‘(’]&3 >
Female 1.00 1.00
Sex 0.70 to 1.52 0.66 to 1.56
1.03 p=0.887 1.01 =085 1.03
1-2 1.00 1.00
Charlson 3-5 454 ;.102% 763 4 ;-2055 6
Comorbidity Score o o
5.77 t0 21.97 3.38 to 16.00
6+ 1126 p=<o0001 |73¢ p=<0.001
0 1.00 1.00
1.81 to 10.34 1.02 to 6.66
! 433 p=<0001 | 26! p=0.045
ECOG
2 8.47 3.26 t020.13 241 0{4 t0 6.95
p=<0.001 p=0.10
7.49 to 52.64 2.04 to 25.06
3and4 19.83 po<0001 | 716 520,002
1 1.00 1.00
0.54 to 2.95 0.68 to 4.30
2 1.27 1.70
p=0.583 p=0.25
Stage 0.64 t0 3.94 0.51 to 4.41
3 1.59 po 0318 1.50 P04
1.02 to 4.87 0.71t0 5.10
4 2.23 1.90
p=0.046 p=0.19
Low risk 1.00 1.00
. . 0.97 to 52.72 0.31t0 20.76
Low intermediate | 7.16 p—0.053 2.56 p—0280
NCCNIPI o . 1.32 0 70.44 0.32 t0 25.90
High intermediate | 9.66 p=0.025 2.87 p—0.34
. 2.49 to0 132.54 0.43 to 42.38
High 18.18 4.27
p=0.004 p=021
1-2 1.00 1.00
0.10 to 0.34 0.18 to 0.84
— 3-4 0.18 p—<0001 |03 p=0.016
umoer O;
chemotherapy cycles | «_ 0.05t00.15 0.06 t0 0.25
ey -6 0.09 p=<oo01 |13 p=<0.001
s AT
Normal 1.00 1.00
Creatinine
Raised 123 g‘izot‘; 13 s g'fot‘; 0
Neutropenia within | NO 1.00 1.00
48hours of admission
with infection Yes 4.45 lz)gg)z)g ? 1.95 ll).ilot.c()):;S
Pegfilgrastim w/I 21 No 1.00 1.00
days of admission
wi?h infection Yes 0.69 gi%t_ol 21;110 0.8 g.S:SOtg; 03
No 1.00 No 1.00
Admission with YT S 3t0527
infection 4610 7. 03 to 5.
Yes 508 p=<0001 | > p=<0.001

Table 6. Regression analysis of the factors associated with survival in all study patients (n =325).
ECOG =Eastern Cooperative Oncology Group performance status point scale. NCCN-IPI = International
Prognostic Index.

Discussion
The most notable findings of this study are that infections are common among DLBCL patients receiving
R-CHOP and R-CHOP-like chemotherapy and that an infection was associated with reduced overall survival.
The rate of infection in admitted episodes in our population was 63% and of the patients that experienced
an infectious episode, 60% experienced multiple episodes. This rate is higher than in other reports, and may be
explained by the study design, which included all DLBCL patients undergoing therapy, compared with carefully
selected patient populations that are included in clinical trials. Data from observational cohorts have demon-
strated higher rates of infection compared with randomised controlled trials with reported rates ranging from 10
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1.00
0.75
)
=
©
5
E 0.50
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o
o
0.25
0.00
T T T T T T
0 2 4 6 8 10
Years from baseline
Number at risk
Minimum 1 infection 206 100 63 29 11 2
Noinfection 119 53 34 15 7 1

Minimum 1 infection — Noinfection

Figure 1. Survival analysis of DLBCL patients who had at least one infectious episode compared with those
who did not have an infectious episode.

t0 42%5°13. Our higher rates may also be due to differing definitions of infection and/or data collection methods.
For example, the risk of an episode of neutropenic fever during R-CHOP chemotherapy has been reported as 19%*
> however non-neutropenic infective episodes were not documented. In this study the definition of neutropenia
was 1.0 x 10°/L, while another common definition is 0.5 x 10%/L. This may be another explanation for why the
neutropenia infection rate on our study was higher than reported elsewhere. Despite differences in definitions, our
study suggests rates of infection for DLBCL may be higher in a real world setting and that infection prevention is a
key strategy in the supportive management of DLBCL. The results from this study may inform the use of infection
prevention strategies, including which patients are most likely to benefit. This study identified patients at high-risk
of infection, highlighted the highest risk period during R-CHOP therapy, and provided data on the most common
types of infections. Patients with newly diagnosed DLBCL who are at highest risk of infection are those who,
have multiple comorbidities, poor performance status and an advanced risk NCCN-IPI. The presence of multiple
comorbidities and poor performance status were also predictors of earlier death. Findings from previous studies
that describe predictors of infection are inconsistent and use heterogeneous definitions, making it difficult for clini-
cians to accurately predict the risk of infection in their patients. In the pre-rituximab era, Lyman et al. constructed
a predictive model that demonstrated, age, LDH, albumin, neutropenia and bone marrow involvement predicted
hospitalisation for life threatening neutropenia fever'?. Pettengell et al. found that older age, low albumin, previous
chemotherapy and recent infection were predictive of neutropenia fever in cycle one!“.

In our study, patients were more likely to die from all causes during their first two cycles of chemotherapy
compared with subsequent cycles, which is consistent with other studies in lymphoma patients'* '>. This suggests
that preventative measures could be maximised early in the R-CHOP treatment course, rather than instituted
after infection has occurred.

Current strategies to prevent infection include patient education, vaccination, and antimicrobial prophylaxis.
In this study, the leading site of infection was the lower respiratory tract. Streptococcus pneumoniae is known to
cause the majority of these infections'® however studies regarding the efficacy of vaccination before the com-
mencement of R-CHOP are lacking. Further research is required to examine the optimal timing, efficacy and
clinical outcomes are of pneumococcal vaccination specifically in patients receiving R-CHOP.

In terms of the use of antimicrobial prophylaxis, it is difficult to draw conclusions or make firm recommenda-
tions based on the microbiological data acquired through clinical coding data, as non-clinically relevant isolates
may have been included. Fungal infections accounted for 19% of infections, which is substantially higher than in
other literature!’. In this study, 2.5% had Pneumocystis jirovecci, which is below the 3.5% rate for which prophy-
laxis is recommended according to Australian national consensus guidelines'®.

The use of growth factors, such as pegfilgrastim, to reduce the impact of neutropenia is also used to prevent infec-
tions. This study confirmed that neutropenia was a strong a predictor of an infectious episode and was associated
with reduced survival. The use of pegfilgrastim was also independently associated with a reduction in the risk of an
infectious episode. Interestingly, pegfilgrastim use had no significant effect on survival. This is consistent with other
studies that have demonstrated reduced risk of severe neutropenia and neutropenia fever with colony stimulating
factors but no effect on mortality'> '°. Importantly, as our study was a retrospective cohort study, the use of pegfil-
grastim was not random and may be a surrogate measure of other factors. International guidelines**2! recommend
primary prophylaxis with colony stimulating factors when the incidence of neutropenia fever is greater than 20% for
the chemotherapy regimen. In lymphoma specifically, it is suggested to administer primary prophylaxis in patients
older than 65 with comorbidities*. Our study would support this recommendation.
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<65 years 1.00 1.00
Age 1.42t03.42 0.75t0 2.30
>65 years 2.21 p=<0.001 1.32 p=0.328
Female 1.00 1.00
Sex 0.77t0 1.82 0.91t0 2.4
Male 1.19 o042 1.49 p=011
1-2 1.00 1.00
3.03t08.74 2.32t07.33
Charlson Comorbidity Score 35 514 p=<0.001 412 p=<0.0001
7.03to 27.41 4.99 to 24.34
6+ 13.88 p=<0001 | 1102 p=<0.0001
0 1.00 1.00
1.69t09.78 1.00to 7.26
1 407 pe0002 | 26 p=0.050
ECOG 3.46t0 19.89 127 t0 12.41
2 8.30 p=<0001 | =7 p=0018
7.49t0 52.64 2.04 to 25.06
3and4 19.83 po<o001 | 716 220002
1 1.00 1.00
0.51to3.24 0.44 to 3.54
2 129 p=0583 |1 p=0.665
Stage 0.58t04.16 0.365 to 3.80
3 1.56 p2037 117 2078
1.04 to 5.66 0.399t03.73
4 243 p=0.039 1.22 =072
Low risk 1.00
Low intermediate | 1.00 1.00
NCCN IPI S . 0.80 to 2.27 0.39to 1.99
High intermediate | 1.35 p=0.256 0.88 p—0.76
. 1.54 to 4.40 0.63 to 5.22
High 2.61 p=<0.001 1.82 p=0.26
1-2 1.00
0.062 to 0.27 0.11 to 0.68
34 013 p=<0.0001 027 p=0.005
Number of chemotherapy 0010015 0041 100.19
cvcles B .04t0 0. . to 0.
7 56 0.08 p=<00001 | % p=<0.0001
0.03t0 0.34 0.03 to 0.40
>6 0.10 p==<0.0001 | %11 p=<0.0001
Normal 1.00 1.00
Creatinine . 0.82t0 1.96 0.44t0 1.43
Raised 1.27 p=0270 0.79 p—0.45
No 1.00 1.00
Neutropenia within 48 hours
of admission with infection | yeg 4.92 28210858 | 5 o 1.66 to 5.96
. p=<0.0001 | p=<0.0001
No 1.00 1.00
Pegfilgrastim w/I 21 days of
admission with infection Yes 0.82 050t0 110 |, ¢ 0.72t02.21
- p=0.449 : p=0.40
No 1.00 No 1.00
Admission with infection 1.94 t0 6.65 1.00 to 2.63
Yes 163 p=<00001 | >% p=<0.046

Table 7. Regression analysis of the factors associated with survival in patients who received R-CHOP
21 (n=286). ECOG = Eastern Cooperative Oncology Group performance status point scale. NCCN-
IPI = International Prognostic Index.

The main limitations of this study were that it was performed at a single centre, was retrospective, and relied
upon administrative datasets. Use of an administrative dataset may result in missing data or misclassification,
which could inaccurately represent the number and type of infections. In addition, patients with infections not
requiring admission to hospital are not included. This may underestimate the rate of infections as well as influ-
ence whether infection is a predictor of survival when these infections are included. Relying on ICD-10 diagnos-
tic codes to classify the types of organisms may be misleading. Nonetheless, this study represents one of the largest
cohorts of DLBCL patients and one of the few studies in real world setting.
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Our study has identified a subset of patients at high risk of infection and death and some possible strategies
to mitigate this risk. Further research could be directed towards prospectively studying preventative strategies in
high-risk patients as identified in this study, with a view to developing preventative strategies that are personal-
ised, targeted and effective.

Methods

Study design and setting. A retrospective cohort study was performed at a Monash Health, a 2000 bed
academic health service in Melbourne, Australia. All patients with a new diagnosis of DLBCL who received
R-CHOP or R-CHOP-like chemotherapy over a 10-year period between 2004 and 2014 were identified using
hospital admission data and medical record review.

Data sources. Demographic data collected from medical records included age, sex, lymphoma diag-
nosis details (including date, stage and type), Eastern Cooperative Oncology Group (ECOG) performance
status classified on a five-point scale??, and International Prognostic Index (NCCN-IPI)*?*. Details on
chemotherapy regimen, number of cycles, date of death or last follow up was obtained from the medical
record.

Data on all hospital admissions for each patient was obtained from the clinical information services,
and included admission and discharge dates, diagnostic codes (classified according to the Australian mod-
ification of the International Statistical Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10-AM) and procedure codes (classified according to the Australian Classification of Health
Interventions)?*.

The use of colony stimulating factors was obtained from the pharmacy information system. Pathology results
were obtained from the pathology laboratory information system.

Definitions. Co-morbidities were identified using the ICD-10-AM diagnostic codes in admission data and
classified according to the Charlson comorbidity index®.

The absolute neutrophil count, 48 hours before or after the first day of each admission episode, was identified
where available. If the neutrophil count within 48 hours of the admission and including the day of admission was
less than 1.0 x 10°/L and the admission contained an infectious code, then this was defined as infection with neu-
tropenia. If the neutrophil count within 48 hours of the admission was greater than 1.0 x 10°/L and the admission
contained an infectious code, then this was defined as infection without neutropenia. If the neutrophil count
within 48 hours of the admission was less than 1.0 x 10%/L and the admission did not contain an infectious code,
then this was defined as neutropenia without infection.

For each admission, the use of pegfilgrastim as primary or secondary prophylaxis within 21 days of the first
day of the admission was recorded. At our institution pegfligrastim is used for primary prophylaxis in DLBCL
patients aged 65 years or older. Filgrastim use was not considered in the analysis of factors associated with infec-
tion, as in our institution it is more frequently administered to patients with established infection rather than as
prophylaxis.

Infectious outcomes. Infectious episodes were defined as any hospitalization after the date of DLBCL diagnosis
with an infection code recorded in the hospital admission data.

Each infection was classified according to body site; blood stream infection (BSI), upper respiratory tract,
lower respiratory tract, cardiovascular, gastrointestinal, urogenital, neurological, skin and soft tissue, bone and
joint, other, device or line related and source unknown.

For each infection, intensive care unit (ICU) admission, ICU length of stay and the timing of infection in
relation to first diagnosis of DLCBL were identified using the admission data.

Statistical analysis. Descriptive statistics were used for incidence of infection, types of infection and changes
over time. Categorical variables were summarized using frequency and percentage. Continuous variables were
summarized using mean and standard deviation (SD) or median and inter-quartile range (IQR) as appropriate.

Conditional risk set time-to-event modeling for multiple failure time data was used to determine possible
clinical predictors of infection using episodes of infection as the evaluable outcome. In this model, subjects were
permitted to contribute multiple events (infection episodes) to the analysis. Due to the multiplicity of events, the
model considers the entire time period at risk of infection (period of patient follow-up) for the specified outcome
of interest, rather than censoring a patient at the first observed infection event. In the survival analysis, the pro-
portion of patients with neutropenia and infection was compared to the proportion of patients with neutropenia
without infection and the proportion of patients with pegfilgrastim use and infection was compared to the pro-
portion of patients with pegfilgrastim use without infection.

A Cox proportional hazards regression was used to investigate predictors of mortality. For both models, haz-
ard proportionality was analyzed using analysis of scaled Schoenfeld residuals. For all analyses p < 0.05 was con-
sidered significant. All analyses were performed using Stata version 14, (StataCorp Inc., College Station, TX,
USA).

The project was approved by the Monash Health Human Research Ethics Committee. All methods were car-
ried out in accordance with relevant guidelines and regulations.

Data Availability. The datasets generated during and analysed during the current study are not pub-
licly available due to patient confidentiality but are available from the corresponding author on reasonable
request.

SCIENTIFICREPORTS |7:4395 | DOI:10.1038/s41598-017-04495-x 9



www.nature.com/scientificreports/

References

1. Sant, M. et al. Incidence of hematologic malignancies in Europe by morphologic subtype: results of the HAEMACARE project.
Blood. 116, 3724-34 (2010).

2. Jaffe, E. S., Harris, N. L., Stein, H. & Isaacson, P. G. Classification of lymphoid neoplasms: the microscope as a tool for disease
discovery. Blood. 112, 4384-99 (2008).

3. Zhou, Z. et al. An enhanced International Prognostic Index (NCCN-IPI) for patients with diffuse large B-cell lymphoma treated in
the rituximab era. Blood. 123, 837-42 (2014).

4. Smith, T. J. et al. Recommendations for the Use of WBC Growth Factors: American Society of Clinical Oncology Clinical Practice
Guideline Update. Journal of Clinical Oncology. 33, 3199-212 (2015).

5. Pettengell, R. et al. Implications of the European Organisation for Research And Treatment Of Cancer (EORTC) guidelines on the
use of granulocyte colony-stimulating factor (G-CSF) for lymphoma care. Clin Drug Investig. 29, 491-513 (2009).

6. Pettengell, R. et al. Impact of febrile neutropenia on R-CHOP chemotherapy delivery and hospitalizations among patients with
diffuse large B-cell lymphoma. Support Care Cancer. 20, 647-52 (2012).

7. Kaplan, L. D. et al. Rituximab does not improve clinical outcome in a randomized phase 3 trial of CHOP with or without rituximab
in patients with HIV-associated non-Hodgkin lymphoma. Blood. 106, 1538-43 (2005).

8. Yakushijin, Y. et al. Usage of granulocyte colony-stimulating factor every 2 days is clinically useful and cost-effective for febrile
neutropenia during early courses of chemotherapy. Int ] Clin Oncol. 16, 118-24 (2011).

9. Aurer, I et al. Gem-(R)CHOP versus (R)CHOP: a randomized phase II study of gemcitabine combined with (R)CHOP in untreated
aggressive non-Hodgkin’s lymphoma-EORTC lymphoma group protocol 20021 (EudraCT number 2004-004635-54). Eur |
Haematol. 86, 111-6 (2011).

10. Watanabe., T. et al. Phase II/III study of R-CHOP-21 versus R-CHOP-14 for untreated indolent B-cell non-Hodgkin’s lymphoma. J
Clin Oncol. 29, 3990-8 (2011).

11. Pettengell,, R. et al. Neutropenia occurrence and predictors of reduced chemotherapy delivery: results from the INC-EU prospective
observational European neutropenia study. Support Care Cancer. 16, 1299-309 (2008).

12. Case, D. C. et al. Community-based trial of R-CHOP and maintenance rituximab for intermediate- or high-grade non-Hodgkin
lymphoma with first-cycle filgrastim for older patients. Clinical Lymphoma ¢ Myeloma. 7, 354-60 (2007).

13. Lyman, G. H. & Delgado, D. J. Risk and timing of hospitalization for febrile neutropenia in patients receiving CHOP, CHOP-R, or
CNOP chemotherapy for intermediate-grade non-Hodgkin lymphoma. Cancer. 98, 2402-9 (2003).

14. Pettengell, R. et al. Multivariate analysis of febrile neutropenia occurrence in patients with non-Hodgkin lymphoma: data from the
INC-EU Prospective Observational European Neutropenia Study. Br ] Haematol. 144, 677-85 (2009).

15. Bohlius, J., Herbst, C., Reiser, M., Schwarzer, G. & Engert, A. Granulopoiesis-stimulating factors to prevent adverse effects in the
treatment of malignant lymphoma. Cochrane Database Syst Rev. 4, CD003189 (2008).

16. Charles, P. G. P. et al. The etiology of community-acquired pneumonia in Australia: why penicillin plus doxycycline or a macrolide
is the most appropriate therapy. Clin Infect Dis. 46, 1513-21 (2008).

17. Teng, J. C. et al. Epidemiology of invasive fungal disease in lymphoproliferative disorders. Haematologica. 100, 462-6 (2015).

18. Slavin, M. A. et al. Introduction to the updated Australian and New Zealand Consensus guidelines for the use of antifungal agents
in the haematology/oncology setting. Int Med J. 44, 1267-1276 (2014).

19. Bennett, C. L., Djulbegovic, B., Norris, L. B. & Armitage, J. O. Colony-stimulating factors for febrile neutropenia during cancer
therapy. N Engl ] Med. 368, 1131-9 (2013).

20. Aapro, M.S. et al. 2010 Update of EORTC guidelines for the use of granulocyte- colony stimulating factor to reduce the incidence of
chemotherapy-induced febrile neutropenia in adult patients with lymphoproliferative disorders and solid tumours. European
Journal of Cancer. 47(1), 8-32, Elsevier Ltd, (2011).

21. Freifeld, A. G. et al. Clinical practice guideline for the use of antimicrobial agents in neutropenic patients with cancer: 2010 update
by the Infectious diseases Society of America. Clinical infectious diseases. 52, 56-93 (2011).

22. Kawada, H. et al. A Retrospective Analysis of Treatment Outcomes in Adult T Cell Leukemia/Lymphoma Patients with Aggressive
Disease Treated with or without Allogeneic Stem Cell Transplantation: A Single-Center Experience. Biology of Blood and Marrow
Transplantation. 21, 696-700.

23. Lyman, G. H. et al. Risk of Febrile Neutropenia among Patients with Intermediate-grade non-Hodgkin’s Lymphoma Receiving
CHOP Chemotherapy. Leuk Lymphoma. 44, 2069-76 (2011).

24. Australian Government Department of Health. The international statistical classification of diseases and related health problems,
10th revision, Australian modification (ICD-10-AM). 4th ed. Sydney: National Centre for Classification in Health (2004).

25. Quan, H. et al. Updating and Validating the Charlson Comorbidity Index and Score for Risk Adjustment in Hospital Discharge
Abstracts Using Data From 6 Countries. American Journal of Epidemiology. 173, 676-82 (2011).

Author Contributions
C.D., M.G. and Z.M. performed the research. C.D., M.G. and Z.M. and S.O. designed the research study. T.S.
analysed the data. C.D., Z.M., TK,, R.S., K.T. and wrote the paper.

Additional Information

Competing Interests: CDs work has been funded by Amgen. Amgen provided financial assistance for the study
but had no part in the design, conduct, analysis or preparation of the manuscript. S.O. has received speakers

fees and clinical research funding from Roche. M.G., T.S., Z.M., R.S. and T.K. declare no potential conflict of
interest.

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, 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 Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted 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 license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS |7:4395 | DOI:10.1038/s41598-017-04495-x 10


http://creativecommons.org/licenses/by/4.0/

	Infection is an Independent Predictor of Death in Diffuse Large B Cell Lymphoma

	Results

	Description of patient cohort. 
	Description of infections. 
	Predictors of an infectious episode. 
	Overall Survival. 

	Discussion

	Methods

	Study design and setting. 
	Data sources. 
	Definitions. 
	Infectious outcomes. 
	Statistical analysis. 

	Data Availability. 

	Figure 1 Survival analysis of DLBCL patients who had at least one infectious episode compared with those who did not have an infectious episode.
	Table 1 DEMOGRAPHICS.
	Table 2 SITES OF INFECTION – All infectious episodes (n = 332).
	Table 3 MICROBIOLOGICALLY CONFIRMED INFECTIONS n = 375.
	Table 4 Regression analysis of the factors associated with infection in all study patients (n = 325).
	Table 5 Regression analysis of the factors associated with infection in patients who received R-CHOP 21 (n = 286).
	Table 6 Regression analysis of the factors associated with survival in all study patients (n = 325).
	Table 7 Regression analysis of the factors associated with survival in patients who received R-CHOP 21 (n = 286).




