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Abstract

Chronic kidney dysfunction is associated with increased mortality in multiple cancer types. Preliminary evidence suggests the sz®
to be true for B-large cell ymphomas (B-LCL). To analyze the relationship of glomerular filtration rate (GFR) and outcome of B-LCL
in detail we collected data on outcomes of 285 consecutive patients with newly diagnosed B-LCL treated at our institution with
standard rituximab-containing regimens who did not have preexisting kidney disease or urinary tract obstruction at presentation.
Median age was 59, range 18 to 87, 145 were male and 140 females. Forty-four had GFR < 60 mL/min, 123 had 60 to 90mL/
min, and 118 > 90 mL/min. Median follow-up of surviving patients was 49 months and estimated 3-year survival 76%. In univariate
analysis age (P < .001), GFR (P =.014), stage (P < .001), performance status (P = .044), chemotherapy regimen (P < .01), and
international prognostic index (IPI) (P < .001) were statistically significant prognostic factors. In multivariate analysis, age and GFR
remained the only independent prognostic factors. Subtracting 1 from the IPI score of patients who had GFR > 90mL/min and
IPI'> 1 resulted in a prognostic index that divides patients into 3 prognostic groups (low risk = 0-1, intermediate risk = 2-3 and
high risk = 4-5) with an acceptable patient distribution frequency (38%, 39%, and 23%, respectively) and improved statistical
significance and separation in comparison to IPI (5-year survival rates of 92%, 74%, and 42%, respectively). GFR is an important
independent prognostic factor for B-LCL that should be taken into account in clinical decision making and data analysis and
probably be incorporated in prognostic indices.

Abbreviations: B-LCL = b-large cell lymphoma, CKD = chronic kidney disease, GFR = glomerular filtration rate, IPI = international
prognostic index.

Keywords: B-large cell, diffuse, glomerular filtration rate, lymphoma, prognosis

unknown whether there is a threshold of GFR below which
these effects take place. Survival of patients with various
types of cancers is independently associated with CKD stage
3 or higher.*12131 B-large cell lymphoma (B-LCL) is the most
common non-Hodgkin type of lymphoma among adults.['*!!
The international prognostic index (IPI) is the most widely
tested and used prognostic index for determining prognosis
of this disease.l'®! Patients can be divided in low-risk (IPT 0-1),
low-intermediate risk (IPI 2), high-intermediate risk (IPI 3) and
high-risk (IPI 4-5) based on their age, stage, ECOG perfor-
mance status, LDH level and number of involved extranodal

1. Introduction

Chronic kidney disease (CKD) is strongly associated with
increased cancer incidence!'-); patients with cancer often have
a decreased glomerular filtration rate (GFR) at the time of
diagnosis.!'>*31 Decreased GFR is associated with increased
risk of cancer, higher tumor grade and increased cancer-related
mortality.l*®! The exact pathogenetic mechanism is unknown;
uremic toxins, chronic inflammation and oxidative stress are
thought to be responsible for development of more aggressive
cancers through accelerated cell differentiation, impairment of

immune cells and their anti-tumor activity, angiogenesis, and
transformation to higher histology grades.”!!! It is currently
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Patient characteristics.

Age (yr) (median [range]) 59 (18-87)
Males (N(%)) 145 (50.9)
Diabetes (N(%)) 32(11.2)
Hypertension (N(%)) 105 (36.8)
Smoker (N(%)) 51(17.9)
Bulky disease (N(%)) 112(39.3)
Risk by IPI (N(%))
0-1 79 (27.7)
2 59 (20.7)
3 61 (21.4)
4-5 86 (30.2)
Chemotherapeutic regimen (N(%))
R-CHOEP 14 81 (28.4)
DA-R-EPOCH 36 (12.6)
R-CHOP 137 (48.1)
R-CEOP/ R-miniCHOP 31(10.9
Involved site radiotherapy Yes (N(%)) 148 (51.9)
Response (N(%))
Complete remission 229 (80.4)
Partial remission 26 (9.1)
Stable disease 14 (4.9
Progressive disease 4(1.4)
Toxic death 12 (4.2
Creatinine (umol/L) (mean + SD) 81.9+13
GFR (mL/min/1.73 m?) (mean + SD) 845+15
GFR < 60mL/min/1.73 m? (N(%)) 44 (15.4)
GFR < 90mL/min/1.73 m? (N(%)) 167 (58.6)

DA-R-EPOCH = dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide,
doxorubicin, and rituximab, GFR = glomerular filtration rate, IPl = international prognostic index,
R-CEOP = cyclophosphamide, vincristine, prednisone, etoposide and rituximab, R-CHOEP =
cyclophosphamide, doxorubicin, vincristine, prednisone, etoposide and rituximab, R-CHOP =
cyclophosphamide, doxorubicin, vincristine, prednisone and rituximab.
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Figure 1. Overall survival according to the international prognostic index (IPI).
Blue = IPI 0-1; red = IPI 2; green = IPI = 3; purple = IPl 4-5. Boxes indicate
censored observations. P < .001.

Two studies, 1 from Japan and another from Korea reported
inferior survival of B-LCL patients with GFR < 60 mL/min in
comparison to those with normal renal function."”!$l However,
many questions regarding the effect of kidney function on
survival of B-LCL patients remain unanswered. It is not clear
whether this effect is limited to Asian patients, whether a
decrease in GFR that is still within normal limits also influ-
ences survival, what is the relation with IPI and how does GFR
influence outcome of different R-CHOP-like regimens. To try
to answer some of these questions, we evaluated the prognostic
value of baseline GFR in patients with B-LCL treated at our
institution.

Medicine

2. Methods

We retrospectively collected data on consecutive patients with
B-LCL who started front-line treatment at our institution
between 2011 and 2019. The study was performed in accor-
dance to the Helsinki declaration, all relevant international, EU
and Croatian laws and regulations and with the approval of
the institutional Ethics Committee, and all participants gave
written informed consent. Inclusion criteria were: age older
than 18 years; newly diagnosed B-LCL according to the 2016
World Health Organization classification; no previous history
of CKD; no obstructive nephropathy at diagnosis. Patients
were treated with different R-CHOP-like regimens according
to institutional policies.!"”!! Briefly, patients below 60 years of
age with aalPI > 2 received R-CHOEP14; those above 60 with
high-risk disease were treated with R-CHOP21 until beginning
of 2016 and with DA-R-EPOCH after that; patients with car-
diac disease and frail elderly received R-CEOP or R-miniCHOP;
all other patients were treated with conventional R-CHOP21.
Radiotherapy, 30 Gy in 15 fractions, was administered to sites
of initial bulky disease, selected extranodal localizations and
areas in PR after systemic therapy. Patients deemed high risk
for central nervous system relapse received 2 cycles of high-dose
methotrexate since beginning 2016. Final response assessment
was performed by PET-CT. Patients were followed-up clinically
at our outpatient department, every 3 to 4 months for the first 3
years, every 6 months in the 4th and 5th year and yearly there-
after. Baseline GFR (mL/min) was estimated using the CKD-EPI
equation.?!

Statistical analysis was performed using SPSS version 23.0
(IBM Corp.). Correlations were obtained using Spearman rank
correlation. Survival analysis was performed using Kaplan—
Meier curves; differences between them were tested with the
log-rank test and hazard ratios estimated with Cox propor-
tional hazards regression. Linear regression was used to explore
the influence of multiple variables on survival. A P value <.05
(two-sided tests) was considered significant.

3. Results

We identified 285 patients with B-LCL who fulfilled the entry
criteria. All were white (Caucasian). Median age was 59,
range 18 to 87; 50.9% were male. Demographic, clinical and
laboratory data are shown in Table 1. Fifty-one (17.9%) were
smokers, 32 (11.2%) had diabetes and 105 (36.8%) arterial
hypertension, 15.4% had a GFR < 60 mL/min. Baseline GFR
negatively correlated with age (r = -0.567; P <.001) and pos-
itively with history of hypertension (R = 0.167; P <.03). In
the linear regression model only age was a predictor of lower
GFR.

Median follow-up of surviving patients was 49 months; esti-
mated 3-year survival of the whole group was 76% and S-year
survival 74%.

3.1. Prognostic factors

Sex, smoking status and prevalence of diabetes mellitus and
arterial hypertension did not significantly influence overall sur-
vival. In univariate analysis, age (P <.001), GFR (P =.014),
stage (P <.001), performance status (P =.044), chemotherapy
regimen (P <.01) and IPI (P <.001) were statistically signifi-
cant prognostic factors. In multivariate analysis, age and GFR
remained the only independent prognostic factors.

IPI had a very strong influence on survival (P < .001), but out-
come of patients with low-intermediate and high-intermediate
risk (i.e., IPI 2 and 3) was indistinguishable (Fig. 1 and Table 2).
Even when those 2 groups were combined, the difference in OS
between patients with IPI 0-1 and 2-3 failed to reach statistical
significance (P = .061).
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Overall survival (OS) according to the international prognostic index (IPI).

IP1 N (%) 5-yr 0S (%) Comparison Pvalue
0-1 79 (27.7) 91 IPI0-1vs 2 .086

2 59 (20.7) 75 IPI2vs 3 .904

3 61(21.4) 78 IPI'3 vs 4-5 .001
4-5 86 (30.2) 51
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Figure 2. Overall survival according to the glomerular filtration rate (GFR).
Blue = GFR < 60mL/min; red = GFR 60-90mL/min; green = GFR > 90mL/
min. Boxes indicate censored observations. P < .001.
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Figure 3. Overall survival according to IPI-GFR9O. international prognostic
index (IPI); glomerular filtration rate (GFR); Blue = IPI-GFR90 0-1; red = IPI-
GFR 2-3; green 0 IPI-GFR 4-5. P < .001.

GFR had avery strong influence on survival (P < .001). Patients
with baseline GFR < 60 mL/min fared worst, those with GFR 60
to 90mL/min intermediate and those with GFR > 90 mL/min
best (Fig. 2 and Table 3). These 3 prognostic subgroups defined
by GFR were identifiable in patients treated with R-CHOEP14,
R-CHOP, and DA-R-EPOCH and in those with IPI 2-3 and 4-5.
There were only 3 patients with GFR > 90 mL/min in the group
treated with R-CEOP/miniCHOP, while in the group with IPI
0-1 the survival curves of patients with GFR 60 to 90 mL/min
and > 90 mL/min overlapped and were both superior to that of
patients with GFR < 60 mL/min (data not shown).

3.2. Combining IPIl and GFR

We tried to combine GFR with IPI to create an index with
improved prognostic performance. The survival of patients

with IPI 2 and GFR > 90mL/min was equivalent to that of
patients with IPI 0-1; survival of patients with IPI 4 and
GFR > 90mL/min was equivalent to that of patients with
IPI 2 and GFR < 90mL/min or IPI 3. Thus IPI-GFR90 was
formed by subtracting 1 from the IPI score of patients who had
GFR > 90mL/min and IPI > 1. This index divides patients into
3 prognostic groups (low risk = IPI-GFR90 0-1, intermediate
risk = IPI-GFR90 2-3, and high risk = IPI-GFR90 4-5) with an
acceptable patient distribution frequency and improved statisti-
cal significance and separation in comparison to IPI (Fig. 3 and
Table 4). Attempts to further improve the prognostication by
adding 1 for those patients who have GFR < 60 mL/min and
combining scores 0 to 1,2 to 3, and 5 to 6 did not improve the
performance of the index, except by identifying a small propor-
tion of patients (approximately 10% of the total), who have IPI
4-5 and GFR < 60 mL/min. This group has a 5-year survival of
only 29%.

4. Discussion

Reductions in GFR below 60mL/min and CKD have been
associated with higher cancer incidence and higher mortal-
ity in cancers of the kidney, urinary tract, digestive tract and
lung.!"? Only 2 published studies analyzed the impact of
GFR reduction on survival of lymphoma patients, both were
performed in east Asia.l'!8 The study of Ubukata et al ana-
lyzed patients with all types of lymphoma and compared the
outcome of those with and without limited kidney function
(defined as GFR below or above 60 mL/min).!"8! In their series
34% of patients had limited renal function. The study of Hong
et al focused on patients with B-LCL and explored differences
in outcomes of patients who had GFR below 60mL/min,
between 60 and 90 mL/min and above 90 mL/min, as did our
study."”! In their study 10% of patients had GFR < 60 mL/min
and an additional 16% 60 to 90 mL/min. This is different than
in our series, in which, after exclusion of patients with history
of CKD or renal obstruction, 15.7% had GFR < 60 mL/min
and an additional 43% 60 to 90 mL/min. Similar to ours, these
studies found that GFR < 60 mL/min is related to reduced over-
all survival and that this effect is independent of IPI. The exact
causes of impaired survival of lymphoma patients, as well as
those with other types of cancer, associated with reduced GFR
are not fully understood. Reduction of GFR leads to devel-
opment of CKD and its manifestations like uremic toxins,
impaired immunity, anemia, induced cytokine production and
pro-inflammatory condition; sarcopenia and malnutrition and
oxidative stress lead to accelerated atherogenesis and develop-
ment of subclinical vascular disease. These changes might be
associated with development of more aggressive cancers, less
tolerance to treatment, increased in cancer-unrelated mortal-
ity and shorter survival.l?*?7 Irrespective of cause, the results
of ours and the 2 previously published studies indicate that
mild-to-moderate CKD is an important independent negative
prognostic factor for overall survival in lymphoma patients,
irrespective of race.

In contrast to the study of Hong et al, in which only patients
with GFR < 60 mL/min had inferior prognosis, we were unable
to identify a threshold value. Patients with GFR > 90 mL/min
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Overall survival (OS) according to the glomerular filtration rate (GFR).

GFR (mL/min/1.73 m?) N (%) 5-yr 0S (%) Comparison Pvalue
<60 44 (15.4) 49 <60 vs 60-90 <.001
60-90 123 (43.2) 71 60-90 vs > 90 .004
>90 118 (41.4) 88

Overall survival (OS) according to the combination of the international prognostic index and glomerular filtration rate >90 mL/min

(IP1-GFR90).

IPI-GFR90 N (%) 5-yr 0S (%) Comparison Pvalue
0-1 108 (37.9) 0-1vs2-3 .004
2-3 112 (39.3) 2-3vs 4-5 <.001
4-5 65 (22.8)

survived better than those with GFR 60 to 90 mL/min and
patients from either of these groups did better than patients with
GFR < 60 mL/min. The reason for this difference is not clear, but
is probably related to differences in proportion of patients with
intermediate GFR as stated above. Also, in contrast to their
series, we did not routinely reduce the dose of cytotoxic agents
in patients without previous history of CKD. Interestingly, in
both studies was the effect of GFR less prominent in patients
with favorable IPL

We tried to combine data on GFR with IPI to improve
the survival prognostication of the latter. Best results were
obtained by moving patients who had GFR > 90 mL/min to a
more favorable prognostic group. This IPI-GFR90 index dis-
tinguished 3 groups of patients with acceptable distribution
of frequency and significantly different prognosis. Its survival
prognostication was more sensitive than that of IPI. The neg-
ative prognostic impact of GFR < 60 mL/min seemed to be of
exceeding importance only in patients with IPI 4-5, possibly
identifying a small subgroup (approximately 10% in our series)
with extremely bad prognosis. Similar percentage of all patients
with Hodgkin’s lymphoma will not achieve complete remission
and will relapse following standard therapy.$! Randomized
studies have shown improvement in both progression and
event-free survival in relapsed or refractory Hodgkins’s
and non-Hodgkins’s lymphoma after high-dose chemotherapy
and autologous stem cell transplantation.?83% This therapeutic
approach could be most suitable for our subgroup of patients
with extremely bad prognosis. Nevertheless, we should still be
careful with dosing of chemotherapeutic agents in patients with
renal impairment.

Our work has several limitations. First, it is a retrospective
study, we could not prove causality and various risk factors
reported in previous studies like albuminuria were not recorded.
Second, we have enrolled patients from only 1 center which
might not be reflective of the general population, and our sam-
ple size is rather limited. Third, we have not analyzed the rela-
tive dose-intensity of chemotherapeutic agents, which might be
decreased in patients with limited kidney function, even without
a priori dose reduction, because of increased treatment-related
toxicity. Also, we have not calculated CKD-EPI adjusted for BSA
which is considered to be the most precise formula for kidney
function assessment in cancer patients. However, despite these
shortcomings, our study is the first to show that in non-Asian
patients GFR could be a useful indicator for predicting survival
in B-LCL patients. It is also the first study which suggests that
even a mild reduction of GFR affects survival and that GFR
could be combined with IPI in a new score with improved prog-
nostic performance. These results should be validated in future
large-scale multicentric studies.
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