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Abstract

Introduction: Primary gastric diffuse large B cell lymphoma (PG-DLBCL) is the most common histological subtype of primary gastric
lymphoma. The standard of care of PG-DLBCL patients is the combination rituximab-based immunochemotherapy (R-CHOP). Re-
cently, different host-related factors have been shown to have significant prognostic significance in non-Hodgkin lymphoma. However,
data regarding their prognostic contribution to PG-DLBCL are limited.

Aim: To assess the prognostic impact of a panel of simple, cost-effective laboratory variables which are easy to apply in routine labora-
tory use for R-CHOP-treated PG-DLBCL patients in an attempt to identify those among them that are high-risk category.

Materials and methods: We retrospectively assessed the possible prognostic impact of different laboratory markers in 42 R-CHOP
treated PG-DLBCL patients treated between 2004 and 2014 and followed at a single institution.

Results: The estimated 5-year overall (OS) and progression-free survival (PES) of the whole group were 80.9% and 78%, respectively.
The absolute monocyte and platelet counts in univariate analysis predicted PFS and OS when analyzed as continuous and dichotomized
variables. On multivariate analysis performed with factors included in the stage-modified International Prognostic Index (m-IPI), the
absolute monocyte and platelet counts remained independent predictors of PES and OS. Therefore, the absolute monocyte and platelet
counts were combined to generate a prognostic index that identified patients with an especially poor overall survival.

Conclusions: This prognostic index was independent of the m-IPI and could provide additional prognostic information for better
stratification of these patients.
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INTRODUCTION

Primary gastrointestinal involvement is one of the most
common extranodal presentations in non-Hodgkin lymp-
homa (NHL), accounting for 4-20% of all NHL cases.!2
The most commonly affected site of the gastrointestinal
tract is the stomach, followed by the small and the large
intestines.’ Primary gastric lymphoma is accounting for
5% of primary gastric malignancies and the most com-
mon histological subtype is diffuse large Bcell lymphoma
(PG-DLBCL).# PG-DLBCL has been treated with various
modalities, including surgery, chemotherapy and radiothe-
rapy alone or in combination with other modalities.>” Pre-
sently, the combination chemotherapy with cyclophospha-
mide, doxorubicin, vincristine, prednisone, and rituximab
(R-CHOP) is the standard treatment for PG-DLBCL pa-
tients.®?

However, with improved outcomes attributed to the
rituximab addition, the identification of a high-risk pa-
tients’ subset with an anticipated 5-year survival of less
than 50% remains a challenge. Gene-expression profiling,
immunohistochemistry-based detection of prognostic bio-
markers and early interim analysis with positron emission
tomography following the initiation of immunochemothe-
rapy have all been explored as predictors that may iden-
tify high-risk patients.!%!¢ Although promising, many of
these methods are costly, difficult to obtain, and not easily
interpreted. Therefore, it’s worth it to identify clinically
relevant prognostic factors that are inexpensive, widely
available, and easily interpreted by clinicians involved in
the PG-DLBCL patients’ care.

Recently, a number of routine laboratory parameters
such as serum albumin (SA), serum B2-microglobulin
(B2M), hemoglobin level (Hb), absolute neutrophil (ANC),
lymphocyte (ALC), monocyte (AMC) and platelet counts
(PC) etc. were proposed to have prognostic impact in DLB-
CL patients.!®!7-2% The clinical utility of these markers was
investigated in individual studies; however, the data regar-
ding their prognostic impact in PG-DLBCL patients are
still limited.

AIM

The purpose of the study was to assess the possible prog-
nostic impact of a panel of simple, cost-effective and
applicable for routine clinical use laboratory variables in
R-CHOP-treated PG-DLBCL patients in an attempt to
identify the high-risk category.

PATIENTS AND METHODS

The electronic database of the Specialized Hospital for Ac-
tive Treatment of Hematological Diseases — Sofia, Bulgaria
was searched for all patients diagnosed with PG-DLBCL
between 2004 and 2014 and treated with a combination

immunochemotherapy. Forty-two cases were identified.
All PG-DLBCL patients underwent esophagogastroduo-
denoscopy and biopsy samples were obtained. Diagnosis
was defined according to the criteria outlined in the WHO
classification.?! The immunophenotype was determined
by automated immunohistochemistry (BondMax, Leica
Biosystems) and a panel of monoclonal antibodies against
CD20, CD5, CD10, bcl-6, MUM1/IRF4, bcl-2, and Ki-67
(Leica Biosystems) was used in all cases.

Whole-body computed tomography (CT) scanning and
trephine biopsy were included as lymphoma staging proce-
dures. The stage at presentation was assessed according to
the Lugano staging system, and the localized and advan-
ced diseases were defined as stage I-II, and stages I -1V,
respectively.?? The prognostic stratification was performed
according to stage-modified International Prognostic In-
dex (m-IPI) that included Lugano stage I, age >60 years,
elevated serum lactate dehydrogenase (LDH), performance
status (PS) =2 and >1 extranodal site involvement (exclu-
ding stomach).

All patients were subjected to 6-8 curative cycles of
R-CHOP regimen (day 1: rituximab 375 mg/m?, cyclosp-
hosphamide 750 mg/m?, doxorubicin 50 mg/m?, vincris-
tine 1.4 mg/m? and days 1-5: prednisone 40 mg/m?), and
each cycle was repeated every 3 weeks. After completion of
therapy, evaluation of the treatment response was perfor-
med by gastroscopy with biopsy and CT of the thorax and
abdomen. Response was defined according to the criteria of
the International Harmonization Project.??

Laboratory levels of SA, Hb, LDH, B2M, ANC, AMC,
ALC and PC were recorded at time of diagnosis.

Statistical analysis

A receiver operating characteristic (ROC) curve analysis
was used to illustrate in our data set the best cut-off values
of SA, B2M, Hb, ANC, AMC, ALC and PC to predict pro-
gression-free survival (PFS) and overall survival (OS) using
the Kaplan-Meier method.?* PFS was calculated from the
date of diagnosis to the date of disease progression, death
or last follow-up. OS was calculated from the date of diag-
nosis to the date of death or last follow-up. The log-rank test
was used to compare subgroups in the univariate analysis
of survival. Multivariate analysis of factors related to sur-
vival was performed using the Cox’s proportional hazards
regression method considering variables that were statisti-
cally significant according to the univariate analysis.?> The
effect size was reported as a hazard ratio (HR) with the as-
sociated 95% confidence interval (95% CI). Comparisons
were performed using Fisher’s exact test for binary varia-
bles and Kruskal-Wallis nonparametric test for continuous
variables. P values <0.05 were considered statistically signi-
ficant. All data were analyzed using SPSS, version 15 (SPSS
Inc., Chicago, IL, USA).
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RESULTS

Patients' characteristics

The characteristics of 42 PG-DLBCL patients included in the
present study are shown in Table 1. The patients’ median age
was 56.7 years (range, 19.1-76.4 years). Overall response was
observed in 78.6 % patients - complete and partial responses
were achieved in 76.2% and 2.4%, respectively. Six patients
received salvage therapy whereas two other patients with
progressive disease underwent autologous stem cell trans-
plantation. One patient refused further therapy. At the time
of analysis, 10 patients progressed and 8 of them died. Me-
dian follow-up was 36 months for the entire cohort (range,
2.4-135 months) and 49 months for censored patients (ran-
ge, 13-132 months). The 5-year PFS and OS for the entire
cohort were estimated as 78.0% and 80.9%, respectively.

Univariate analysis of the main
prognostic variables

Univariate analysis (Cox regression) of the main prognos-
tic factors for OS and PFS was performed. The HR and the
confidence interval (95% CI), and statistical significance
were determined for each continuous variable (Table 2). As
continuous variables, SA, B2M, ANC, AMC, and PC had a
significant impact on OS and PFS (Table 2).

Using data from the entire cohort, we select the most
discriminative cut-off values for the SA, B2M, ANC, ALC,
AMC, Hb, and PC to predict survival outcome by ROC
curve analysis (Tables 3, 4).

Prognostic Significance of Monocyte
Counts

The median AMC at diagnosis was 0.518x10%/L (range,
0.09 - 1.24x10°/L) and 4 patients had a count above the
upper normal level (0.8x10%L). The median AMC was
significantly lower in m-IPI risk groups with scores 0-1
compared to risk groups with scores =2 (0.43x10%/L vs.
0.519x10%/L, p=0.046). As a continuous variable, the AMC
was significantly associated with shorter survival endpoints
(Table 2). The most discriminative AMC cut-off value on
the ROC curve was >0.518x10%/L predicting for OS (Table
3) and PFS (Table 4), respectively.

AMC values above the cut-off value of 0.518x10°/L
were observed in 42.9%. No association was establis-
hed between AMC and other characteristics (Table 5).
After dichotomization by the most discriminative cut-off
value, AMC>0.518x10%/L predicted for shorter OS and
PES (Figs 1A, 1B). The 5-year OS was 95.7% in patients
with AMC<0.518x10°/L compared to 61.1% in those with
higher AMC (p=0.004), whereas the 5-year PFS was 91.7%
in patients with AMC<0.518x10%/L compared to 55.6% in
those with higher counts (p=0.004).

Table 1. Patients’ characteristics (n = 42)

Characteristic No %
Age (years)

>60 16 38.1

<60 26 61.9
Sex

Male 23 54.8
Lugano stage

Early (I-11)) 13 30.9

Advanced (IL-1V) 29 69.1
ECOG PS

22 13 30.9

<2 29 69.1
Lactate dehydrogenase

Elevated 15 35.7

Normal 27 64.3
Serum albumin

>35g/L 26 61.9

<35g/L 16 38.1
Beta-2-microglobulin

Elevated 29 69.1

Normal 13 30.9
Absolute neutrophil count

<2.1x10°/L 3 7.1

>2.1x10°/L 39 92.9
Absolute lymphocyte count

<1.1x10%/L 4 9.5

>1.1x10%/L 38 90.5
Absolute monocyte count

<0.8x10°/L 38 90.5

>0.8x10°/L 4 9.5
Hemoglobin level

<120 g/L. 18 429

2120 g/L 24 57.1
Platelet count

<440x10°/L 31 73.8

>440x10°/L 11 26.2
Bone marrow involvement*

positive 1 2.6

negative 38 97.4
m-IP]?

0-1 14 333

>2 28 66.7

Median (range)

Age 56.7 (19.1-76.4)

39.1 (22.4-49.4)
2.95(1.2-13.9)
4.44 (0.5-17.5)

Serum albumin (g/L)
Beta-2 microglobulin (mg/L)
Absolute neutrophil count (10°/L)

Absolute lymphocyte count (10%/L) 1.81 (0.9-3.1)
Absolute monocyte count (10°/L) 0.51 (0.1-1.2)
Hemoglobin level (g/L) 124 (67.7-150)
Platelet count (10°/L) 339.5 (207-696)

ECOG PS: Eastern Cooperative Oncology Group performance
status; g/L: gram per liter; mg/L: milligram per liter

*Missing: bone marrow involvement =3 (7%)

a m-IPI: adverse factors for m-IPI (stage-modified IPI) included
age >60 years, elevated serum LDH, performance status (PS)>2,
Lugano stage >II,, >1 extranodal site involvement (excluding
stomach)
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Table 2. Univariate analysis (Cox regression) of main prognostic factors for overall survival and progression-free survival. For each

continuous variable the hazard ratio (HR) and its confidence interval (95% CI) are given together with the p-value

Overall survival

Progression-free survival

Continuous variables (N=42)

HR 95% CI p-value HR 95% CI p-value
Age 2.654 0.895-7.871 0.079 0.951 0.905-1.000 0.049
Serum albumin (g/L) 0.863 0.762-0.976 0.019 0.872 0.778-0.977 0.018
Beta-2 microglobulin (mg/L) 1.324 1.052-1.666 0.017 1.262 1.025-1.554 0.028
Absolute neutrophil count (10%/L) 1.334 1.094-1.627 0.004 1.360 1.145-1.615 <0.001
Absolute lymphocyte count (10°/L) 0.451 0.110-1.847 0.269 0.483 0.141-1.659 0.248
Absolute monocyte count (10%/L) 1.007 1.003-1.012 0.003 1.005 1.001-1.009 0.006
Hemoglobin level (g/L) 0.981 0.947-1.017 0.302 0.976 0.947-1.006 0.116
Platelet count (10%/L) 1.006 1.000-1.012 0.038 1.005 1.000-1.011 0.039
Table 3. The best cut-off values determined by ROC curve analysis predicting for overall survival

Variables (N=42) Overall survival

Sensitivity Specificity AUC 95% CI
Serum albumin <33.9 g/L 0.67 0.83 0.82 0.64-0.94
Beta-2 microglobulin >2.5 mg/L 0.88 0.45 0.67 0.49-0.81
Absolute neutrophil count >5.95x10°/L 0.63 0.77 0.70 0.53-0.84
Absolute lymphocyte count <1.77x10°/L 0.75 0.57 0.64 0.47-0.79
Absolute monocyte count >0.518x10°/L 1.00 0.63 0.84 0.69-0.94
Hemoglobin level <105 g/L 0.50 0.88 0.63 0.46-0.78
Platelet count >335x10°/L 1.00 0.59 0.75 0.59-0.87

Table 4. The best cut-off values determined by ROC curve analysis predicting for progression-free survival

Variables (N=42) Progression free survival

Sensitivity Specificity AUC 95% CI
Serum albumin <37.8 g/L 0.86 0.69 0.81 0.63-0.93
Beta-2 microglobulin >2.5 mg/L 0.91 0.5 0.71 0.54-0.84
Absolute neutrophil count >7.0x10%/L 0.60 0.93 0.79 0.63-0.90
Absolute lymphocyte count <1.77x10°%/L 0.80 0.61 0.64 0.47-0.79
Absolute monocyte count >0.518x10°/L 0.90 0.64 0.78 0.61-0.89
Hemoglobin level <108 g/L 0.60 0.87 0.69 0.53-0.83
Platelet count >335x10°/L 0.91 0.61 0.73 0.57-0.85

Prognostic significance of platelet counts

The median PC at diagnosis was 339.5x10°/L (range, 207 -
696x10°/L) and 11 patients had a count above the upper
normal level (440x10°/L). No association between median
PC and m-IPI score risk groups was established. As a conti-
nuous variable, the PC was significantly associated with OS
and PFS (Table 2).

The most discriminative PC cut-off value on the ROC
curve was >335x10°/L predicting for OS (Table 3) and
PFS (Table 4), respectively. PC>335x10%/L were observed

in 47.6% patients and were associated with the advanced
(IV) stage of the lymphoma, additional extranodal lymp-
homa involvement, elevated LDH and ANC levels, poor
PS > 2, higher m-IPI (>2) scores and lower SA levels
(p=0.006; p=0.04; p=0.048, p=0.049, p=0.01, p=0.035, and
p=0.001, respectively) (Table 6).

After dichotomization by the most discriminative cut-
off values, PC>335x10%/L predicted for shorter OS and PFS
(Figs 2A, 2B). The 5-year OS was 95.5% in PC<335x10°/L
patients compared to 65% with higher counts (p=0.013),
whereas the 5-year PFS was 90.9% in patients with
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Table 5. Clinical laboratory characteristics according to the absolute monocyte count (AMC) in PG-DLBCL patients

AMC>0.518x10°/L

AMC<0.518x10°/L

Variable (n=18) (n=24) p-value
Male gender (%) 61.1 45.8 0.37
Age >60 (%) 38.9 37.5 1.00
Advanced stage-IV (%) 333 25 0.73
Additional extranodal involvement (%) 333 25 0.73
Elevated LDH (%) 55.6 20.8 0.12
Performance status >2 (%) 38.9 29.2 0.53
m-IPI score >2 (%) 50 29.2 0.21
Median serum albumin (g/L) 38.3 39.9 0.68
Median B,-microglobulin (mg/L) 2.8 32 1.00
Median absolute neutrophil count (10%/L) 5.02 3.8 0.29
Median absolute lymphocyte count (10°/L) 1.66 1.87 0.52
Median hemoglobin level (g/L) 121 124 0.44
Median platelet count (10%/L) 335 324 1.00

PC<335x10°/L compared to 60% with higher counts
(p=0.023).

Since the components of the m-IPI are important prog-
nostic factors in DLBCL, we included components of the
m-IPI in a univariate analysis with best cut-off values pre-
dicted by ROC analysis for SA, B2M, ANC, AMC, ALC,
PC, Hb, and gender as dichotomized variables. As sum-
marized in Table 7, only the number of extranodal sites,
AMC, SA, LDH, PC, and Hb level are independently signi-
ficant prognostic factors for OS, with HR of 9.69 (95% CI
1.95-48.33, p=0.006), 11.49 (95% CI 1.41-93.55, p=0.023),
0.15 (95% CI 0.03-0.84, p=0.03), 5.74 (95% CI 1.16-28.48,
p=0.032), 0.11 (95% CI 0.01-0.91, p=0.041) and 0.21 (95%
CI 0.05-0.86, p=0.031), respectively.

Regarding PFS, only PS, number of extranodal sites,
AMC, ANC, LDH, PC, and Hb level were independently
significant with HR of 3.6 (95% CI 1.01-12.82, p=0.048),
7.58 (95% CI 1.94-29.52, p=0.004), 6.93 (95% CI 1.47-
32.73, p=0.014), 6.69 (95% CI 1.73-25.97, p=0.006), 4.93
(95% CI 1.27-19.13, p=0.021), 5.05 (95% CI 1.07-23.82,
p=0.041) and 0.19 (95% CI 0.06-0.67, p=0.009), respecti-
vely (Table 7).

Multivariate analysis of the main
prognostic variables

A backward selection, using a significance level of 0.05 for
dropping variables, was employed to build a Cox proporti-

Table 6. Clinical laboratory characteristics according to the platelet count (PC) in PG-DLBCL patients

Variable PC>335x10°/L PC<335x10°/L povalue
(n=20) (n=22)

Male sex (%) 45 59 0.35
Age >60 (%) 40 36.4 1.00
Advanced stage - IV (%) 50 9.1 0.006
Extranodal involvement (%) 45 13.6 0.04
Elevated lactate dehydrogenase (%) 55 20 0.048
Performance status > 2 (%) 50 18.2 0.049
m-IPI score =2 (%) 60 18.2 0.01
Median serum albumin (g/L) 34.8 414 0.035
Median B,-microglobulin (mg/L) 35 2.65 0.19
Median absolute neutrophil count (10%/L) 6.91 3.46 0.001
Median absolute lymphocyte count (10°/L) 1.77 1.81 1.00
Median absolute monocyte count (10%/L) 0.51 0.49 1.00
Median hemoglobin level (g/L) 115.5 127.5 0.23
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(A) Kaplan-Meier estimates of overall survival according to the absolute monocyte count (AMC)
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(B) Kaplan-Meier estimates of progression-free survival according to the absolute monocyte count (AMC)
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Figure 1. Outcomes of patients according to absolute monocyte count (AMC) at presentation.
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(A) Kaplan-Meier estimates of overall survival according to the platelet count (PC)
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(B) Kaplan-Meier estimates of progression-free survival according to the platelet count (PC)
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Figure 2. Outcomes of the patients according to the platelet count (PC) at presentation.
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onal hazards model (Table 8), starting from the model with
all the prognostic variables identified by univariate analysis
of OS (number of extranodal sites >1, AMC >0.518x10°/L,
SA >33.9 g/L, elevated LDH, platelet count >335x10%/L
and hemoglobin level >105 g/L). The m-IPI score was not
included as a specific variable because the significant fac-

tors contributing to this index were already present as indi-
vidual parameters. The resulting final model comprised of
AMC and PC that maintained a significant impact on OS
with HR of 16.68 (95% CI 2.02-137.93, p=0.009) and 13.42
(95% CI 1.63-110.82, p=0.016), respectively. This model
was also able to predict PFS (Table 8).

Table 7. Univariate analysis (Cox regression) of the main prognostic factors for overall and progression-free survival

Overall survival

Progression free survival

Variables
HR 95% CI

p-value HR 95% CI p-value

Age

<60
years 0.22 0.03-1.77
>60 years

0.15 0.16 0.02-1.25 0.08

Sex

Male

2.79 0.56-13.81
Female

0.21 2.59 0.69-9.79 0.16

ECOG PS

<2

4.13 0.98-17.34
=2

0.053 3.6 1.01-12.82 0.048

Stage

Early

4.36 0.54-35.45
Advanced

0.169 1.67 0.44-6.31 0.452

Extranodal sites

<1
9.69 1.95-48.33
>1

0.006 7.58 1.94-29.52 0.004

Absolute monocyte count

<0.518x10°/L

11.49
>0.518x10°/L

1.41-93.55

0.023 6.93 1.47-32.73 0.014

Absolute neutrophil count

>5.95x10%/L

0.27 0.06-1.13
<5.95x10%/L

0.072 6.69 1.73-25.97 0.006

Absolute lymphocyte count

< 1.77x10°/L

2 .67-16.
> 1.77x10%/L 3.29 0.67-16.37

0.144 0.22 0.05-1.01 0.052

Serum albumin

<339¢g/L

0.15 0.03-0.84
>33.9g/L

0.03 0.24 0.05-1.07 0.061

B,-microglobulin

<2.5mg/L

0.19 0.02-1.55
>2.5mg/L

0.12 7.08 0.89-56.03 0.064

LDH

Normal

5.74 1.16-28.48
Elevated

0.032 4.93 1.27-19.13 0.021

Platelet count

<335x10°/L

A1 .01-0.91
>335%x10°/L 0 0.01-09

0.041 5.05 1.07-23.82 0.041

Hemoglobin level

<105g/L

0.21 0.05-0.86
>105g/L

0.031 0.192 0.06-0.67 0.009
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Table 8. Multivariate analysis of the main prognostic factors: Cox regression model generated by backward selection of the signifi-
cant variables identified by univariate analysis of OS and PFS (number of extranodal sites >1, absolute monocyte count >0.518x10°%/L,
elevated LDH, platelet count >35x10%/L and hemoglobin level <105 g/L). The additional prognostic factors for PFS were ECOG PS >2

and ANC >5.95x10°/L

Overall survival

Progression free survival

Variable

HR (95% CI) p-value HR (95% CI) p-value
Absolute monocyte count > 0.518x10°/L 16.68 (2.02-137.93) 0.009 14.15 (1.78-112.93) 0.012
Platelet count > 335x10°/L 13.42 (1.63-110.82) 0.016 11.77 (1.47-94.13) 0.020

The AMC/PC prognostic index identifies poor-risk patients and provides additional prognostic information when superimposed on

the m-IPI.

We tried to build a simple prognostic index (PI) which
does not contribute to the m-IPI score. We combined the
dichotomized AMC and PC to generate the AMC/PC
PI and stratified patients into three risk groups: low-risk
(AMC<0.518x10°/L and PC<335x10°/L), intermedia-
te-risk (AMC<0.518x10°/L or PC<335x10°/L) and high-
risk (AMC>0.518x10%/L and PC>335x10%/L) populations.
High risk PG-DLBCL patients identified by AMC and PC
had significantly higher rate of advanced (IV) stage of the
lymphoma, additional extranodal lymphoma involvement,
elevated LDH levels, poor PS > 2, m-IPI (>2) scores and
higher ANC levels (p=0.005; p=0.004; p=0.002, p=0.02,
p<0.001, and p=0.004, respectively) (Table 9).

OS and PFS were analyzed using the AMC/PC PI and
the m-IPI. The median OS was not reached for the low and
intermediate-risk groups identified by AMC/PC PI with
an estimated 5-year OS of 100% and 90.9%, respectively.
Similarly, using the m-IPIL, the estimated 5-year OS among
low-, low/intermediate- and high/intermediate-risk pa-
tients was 93.3%, 100%, and 66.7%, respectively. In con-
trast, the median OS was only 0.4 years (95% CI 0.15-0.89
years), with an estimated 5-year OS of 25% among high-risk
patients identified using the AMC/PC PI (Fig. 3a), compa-
red to 1.09 years (95% CI 0.27-1.92 years) median OS and

38.1% 5-year OS in the high-risk group defined by the m-IPI
(Fig. 3b).

The estimated 5-year PFS among low- and intermedia-
te-risk patients stratified by the AMC/PC PI was 100% and
81.8%, respectively (Fig. 3¢c), which was comparable to the
m-IPI approach, defining a 5-year PFS among low-, low/in-
termediate- and high/intermediate-risk patients of 86.7%,
100% and 55.6%, respectively (Fig. 3d).

The AMC/PC PI identified a group of poor-risk patients
with a median PFS of 0.33 years (95% CI 0.08-0.59 years)
and an estimated 5-year PFS of 25%. Similarly, the median
PES was 0.5 years (95% CI 0.41-0.69 years) and the estima-
ted 5-year PFS was 42.9% among high-risk patients identi-
fied using the m-IPI. Clearly, the AMC/PC PI was able to
risk-stratify patients in a manner comparable to the m-IPI.

Furthermore, the AMC/PC PI retained statistical signi-
ficance at multivariate analysis on OS and PFS after con-
trolling for the m-IPI (Table 10).

Therefore, we sought to determine whether it may provi-
de additional prognostic information when combined with
the m-IPL. To test this possibility, low-, intermediate-, and
high-risk patients were segregated by the m-IPI. Due to the
lack of death events, no statistics could be calculated in the
low-risk group.

Table 9. Relationships between clinical laboratory characteristics and the three groups of PG-DLBCL patients

Intermedi

Variable Lowrisk ristlf e High risk p-value

(n=11) (n=23) (n=8)
Male sex (%) 63.6 435 62.5 0.61
Age >60 (%) 36.4 39.1 37.5 0.99
Advanced stage - IV (%) 18.2 17.4 75 0.005
Extranodal involvement (%) 27.3 13.0 75 0.004
Elevated LDH (%) 9.1 34.8 87.5 0.002
Performance status > 2 (%) 27.3 21.7 75 0.02
m-IPI score >2 (%) 27.3 21.7 100 <0.001
Median serum albumin (g/L) 41.75 37.9 33.9 0.11
Median B,-microglobulin (mg/L) 2.9 2.8 3.25 0.24
Median absolute neutrophil count (10°/L) 3.36 4.61 7.23 0.004
Median absolute lymphocyte count (10%/L) 1.81 1.88 1.65 0.72
Median hemoglobin level (g/L) 127.5 123.5 114.5 0.33

Folia Medica | 2020 | Vol. 62 | No. 4

793

Folia Medica



Folia Medica

B. Spassov et al

3a
100 =5
=y
L e e e e d
75 :
T |
2 .
s :
3
Z :
E so
0 .
= -
(@) .
25 : ...... s s ams s msamsamEam -+
Log rank test, P = 0.001
0 T T T T T
0 2 4 8 ] 10 12
Years from diagnosis
Number at risk
low 12 10 7 5 2 2 0
— — — intermediate 22 18 10 6 0 0
------- high 8 2 1 1 0 0
3b
100 . s o e e o o s -
]
1
L]
b |
-
754 1
e
_ I———-*—-q-q-—_——q.q.
©
2
c " o
5 t
a .
E 50
(0]
>
O :o...-h..oo...o..cooccol.-l-
25
Log rank test, P = 0.003
o T T T T T
0 2 4 5 g 10 12
Years from diagnosis
Number at risk
low 15 14 9 4 2 2 0
— — — low-intermediate 11 8 5 5 0 0 0
----- high-intermediate 9 6 3 2 0 0 0
------- high 7 2 1 1 0 0 0

Figure 3. Kaplan-Meier estimates of overall (a, b) and progression-free (c, d) survival for the entire patients’ cohort stratified by the
AMC/PC prognostic index (a, ¢) and by the modified International Prognostic Index (b, d) are shown.
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The intermediate-risk (high-intermediate and low-in-
termediate were combined) patients (n=20) identified by
the m-IPI were subsequently risk stratified using the AMC/
PC prognostic index (Fig. 4).

In this group, the 5-year OS was 100% among low- and
intermediate-risk patients identified by the AMC/PLC PI
(Fig. 4). In contrast, 20% of patients identified by the m-IPI
as ‘intermediate-risk; upon further risk stratification by the
AMC/PC PI, had dismal outcomes, with a median OS of
only 4.8 months (95% CI 0-34 months) and 2-year OS of
25% (p<0.001). The 5-year PES was 100% and 90% among
low- and intermediate-risk patients by the AMC/PLC PI
(Fig. 5). However, 25% patients upon further risk stratifica-
tion by the AMC/PC PI, had poor outcomes, with a median
PES of 3.9 months (95% CI 0-29 months) and 2-year PFS
of 25% (p=0.003).

Due to the low number of patients, no prognostic sig-

nificance could be established for AMC/PC PI in high-risk
m-IPI group.

DISCUSSION

The results of the present study indicated that the PC and
AMC at diagnosis may be used as biomarkers for predic-
ting survival in PG-DLBCL patients treated with R-CHOP.
The elevated PC and AMC correlated with a worse progno-
sis in the PG-DLBCL and identified high-risk patients. To
the best of our knowledge, no other studies assessing the
prognostic impact of PC and AMC in PG-DLBCL patients
treated with R-CHOP have been published to date.

The gold standard for risk stratification and prognosis
in patients with PG-DLBCL continues to be m-IPI. Ho-
wever, other prognostic markers have been investigated to

Table 10. Cox regression models estimating the effect of the AMC/PC prognostic index on overall and progression-free survival after

controlling for the m-IPI

Overall survival

Progression free survival

Variable
HR (95% CI) p-value HR (95% CI) p-value
AMC/PC prognostic index 10.12 (1.48-69.37) 0.018 6.88 (1.54-30.75) 0.012
m-IPI 1.29 (0.54-3.09) 0.555 1.11 (0.58-2.15) 0.750
100+
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Figure 4. Patients identified by the m-IPI as low-intermediate/high-intermediate risk were further stratified into low- and intermedi-
ate- (solid line) or high-risk (dashed line) groups by the AMC/PC prognostic index (Kaplan-Meier estimates of overall survival are

shown).
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survival are shown).

improve prediction of survival in patients with PG-DLB-
CL. Many of the researchers have focused on immunohis-
tochemistry correlates (germinal center type versus activa-
ted B-cell type), molecular and gene expression profiling
tests that are cumbersome, difficult to interpret and are cost
prohibitive.!:26 In contrast, the measurement of AMC and
PC is a simple test that could be easily employed in regular
clinical practice.

In the present study, the elevated PC was significantly
associated with advanced tumor clinical stage (stage IV),
additional extranodal lymphoma involvement, lower SA le-
vels, higher ANC and unfavourable m-IPI score. An eleva-
ted PC represented an independent and powerful predictor
of poor outcome. The prognostic value of PC was retained
at multivariate analysis after controlling for the main other
adverse prognostic indicators. Our results are in line with
data provided by previously reported studies that confirm
the adverse prognostic impact of elevated PC in cancer
patients.?’3% 315> However, according to other DLBCL
studies, thrombocytopenia rather than thrombocytosis is
a poor prognostic factor.?? This could be explained by the
different patients’ populations and different rates of bone
marrow infiltration.

The prognostic impact of PC might be associated with
a more aggressive biology related to earlier hematogene-

ous dissemination in cases with elevated counts. Platelets
activated by tumor cells play major roles in aiding and
abetting tumor progression. First, platelets can help tumor
cells survive immune surveillance in the blood circulation.
Activated platelets may act as protective “cloaks” for circu-
lating tumor cells, shielding them from immune destruc-
tion by natural killer cells.’"*? This process is mediated by
platelet-derived growth factor and transforming growth
factor B.3*** Hematogenous dissemination of tumor cells
can also be facilitated by “platelet mimicry,” in which tumor
cells acquire a phenotype that closely resembles that of pla-
telets’ In addition, platelets and vascular endothelium may
facilitate tumor cell extravasation and seeding through ad-
hesion molecules P- and L-selectins, a hypothesis suppor-
ted by the observation that tumor metastases are reduced
in mice lacking them.3>-3¢

In the present study, the elevated AMC represented an
independent, powerful predictor of unfavourable outcome
that is highly consistent with previously published studies
in solid tumors and lymphomas.!%37-41:51-55 The exact pa-
thophysiology for the association between high monocyte
counts and poor prognosis is not well understood. Howe-
ver, being an important player in immunity, monocytes
might play a role in the chronic inflammation which has
already been associated with the induction of stomach can-
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cer and the link with cancer progression has been known
for over a century.*>®> Besides, chronic inflammation is
associated with suppression of anti-tumor immune res-
ponses and a tumor microenvironment that favours tumor
progression. So firstly, AMC may relate to the insidious
progression of cancer disease involving activation of in-
nate immune system through mobilization of monocytes
to tissue macrophages that develops an inflammatory state
associated with increased risk of cancer and mortality.*+*>
Monocytes play a key role in innate immunity, constitu-
te nearly 5% of the circulating white blood cell pool, and
exhibit a short half-life in the circulation of a few hours.*®
Secondly, the monocytes, known as the key component of
inflammation system, might directly stimulate cancer cell
growth by producing various proinflammatory cytokines,
such as interleukin-1, interleukin-6, and tumor necrosis
factor. Tumor-associated macrophages (TAMs) appear to
play a crucial role in the tumor microenvironment and can
educate and control invading leukocytes to promote angio-
genesis, viability, motility, and invasion. 44>

From a practical point of view, the proposed AMC/PC
PI derived from a CBC at diagnosis is widely available and
may be easily incorporated into clinical practice. Further-
more, the AMC/PC PI provided prognostic information
independently of that included in the m-IPI and was able
to provide additional prognostic information when used
in conjunction with the m-IPI. This was particularly true
for low-intermediate- and high-intermediate-risk patients
who collectively accounted for approximately 50% of the
patients in our series. When patients identified as interme-
diate risk by the m-IPI were further risk stratified by the
AMC/PC prognostic index, 20% of these patients were
identified as high risk.

In addition, our findings might raise certain issues of
reassessment of therapeutic approaches in particular pa-
tient categories. With drug development, treatment for
PG-DLBCL has shifted from surgery to gastric preserva-
tion methods, including immunochemotherapy in order
to aid organ conservation. The addition of rituximab to
CHOP regimen has improved the therapeutic outcomes,
and the superiority of RCHOP has been confirmed by se-
veral clinical studies.*’”* However, R-CHOP proved to
be of limited value in high risk patients stratified by the
AMC/PC prognostic index. The evidence linking both
platelets and myeloid-lineage cells with hematogeneous
dissemination, and in this study with poor PFES and OS,
raises the possibility that strategies which reverse elevated
PC or deplete tumorigenic myeloid-lineage cells may re-
present novel therapeutic approaches in DLBCL. Despite
this, to date no specific platelet function targeted therapy
has been included in standard cancer treatment. Thera-
peutic strategies targeting myeloid-lineage cells, including
myeloid-derived suppressor cells, are currently being in-
vestigated in solid tumors and may warrant further inves-
tigation in NHL.>°

CONCLUSIONS

In the present study, we found that pretreatment routine
hematological parameters including PC and AMC corre-
lated with prognosis in PG-DLBCL patients treated with
R-CHOP. Although this study has certain limitations since
it was a retrospective analysis and a single-center study, the
AMC/PC PI demonstrates that variables related to the host
immune response and the tumor microenvironment are
worth consideration when generating prognostic indices in
NHL, as these variables may provide additional prognostic
information independently from conventional patient- and
tumor-specific factors. The low cost, easy accessibility and
reproducibility of CBC are other features promoting its use
in clinical practice. To confirm these findings, larger, pros-
pective, randomized studies are required in future.
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Absolute Monocyte and Platelet Counts May Provide Prognostic Information

Pe3lomMme

BeepeHwue: [lepsuunas aud¢ysHas KpynHokreTodHas B-kmetounas mumepoma xenynka (PG-DLBCL) siBisieTcst Hanboree pacrpo-
CTPaHEHHBIM IMCTONOTMYECKVIM IIOTUIIOM NTepBUYHOI MuM(OMBI Xenynka. CraHfapTHBIM siedeHneM nanyenToB ¢ PG-DLBCL sBns-
eTcs KOMOMHALMA MIMMYHOXMMUOTepanu Ha ocHoBe putykcumaba (R-CHOP). HemaBHo 651710 ITOKa3aHO, YTO pas3NuyHble GaKTOPBI,
CBA3aHHBIE C XO3AMHOM, MEIOT BaXKHOE IIPOTHOCTIYECKOe 3HaYeHNe IIPY HeXOMPKKMHCKOI miMdome. OTHAKO JaHHBIE 06 UX IIPOTHO-
crudeckoM BayusAHuN Ha PG-DLBCL orpanndeHsr.

Llenb: Ouennts NpOrHOCTUYECKOE BIVISIHYIE ITAHEN IIPOCTHIX, peHTabeIbHbIX Tab0paTOPHBIX [TepEeMEHHBIX, KOTOPBIE JIETKO IpJMe-
HUTb B [IOBCERHEBHOIT MaboparopHoii cpene mst manyentoB ¢ PG-DLBCL, npoutexmunx nedenne R-CHOP, ¢ 1jenbio BbIIBIEHNS TeX,
KTO IIONIalaeT B KaTeTOPUY ITIOBBIIIEHHOTO PUCKA.

Marepuanbl U MeTofbl: Mbl peTPOCIIEKTUBHO OLIEHNIN BO3MOYXHBIN IPOrHOCTNYeCKIIT 3¢ (deKT pasIMIHbIX Tab0paTOPHbIX Map-
KepoB y maryeHToB ¢ PG-DLBCL, npomepumx nedenne R-CHOP B nepnog ¢ 2004 o 2014 rof 1 HaXOAMBIINXCSA IO, HAOMIOeHIEM
B TOM YK€ 3aBeJeHIN.

Pesynbrarbl: IIpumepHas 5-neTHaAA o6mjast BbpKkuBaeMoctb (OB) u BroKuBaeMocTb 6e3 nporpeccupoBanusa (BBIT) Bceit rpynmnbt
cocraBua 80.9% 1 78% COOTBETCTBEHHO. AGCONMIOTHOE KOMMYECTBO MOHOLTOB U TPOMOOIIMTOB B OfHOBAPYAHTHOM aHA/M3e Ipef-
ckasbiBano BBIT u OB mpu aHamuse Kak HeMpPepbIBHBIX U JUXOTOMIYECKMX IIepeMEHHBIX. B MHOrOakTOpHOM aHamm3e, IPOBEIeHHOM
¢ ¢akTopami, BKITIOYEHHBIMY B MEXIAYHAPORHBII IPOTHOCTUYECKUIT MHJIEKC C M3MeHeHHOII cTanueit (stage-modified International
Prognostic Index(m-IPI), abcomoTHOe KOMMYECTBO MOHOLMTOB U TPOMOOILIMTOB OCTaBa/IOCh HE3aBUCUMbBIMU IpefykTopamyu BBIT
u OB. BBujy aHHOTO 0OCTOATENBCTBA, AOCOMIOTHDIE TIOKa3aTe/My KOIMYEeCTBA MOHOLIMTOB ¥ TPOMOOLIMTOB ObIIM 0ObeAVHEHBI 1A
CO3[IaHM:A IPOTHOCTUYECKOTO MHAEKCa, KOTOPBIi NIeHTUULMPYeET MALMeHTOB C 0COOEHHO IIJIOXO0J1 0011eil BBDKMBAEMOCTBIO.

3ak/oueHune: IToT MpOrHoCTUIeCKUIT MHAEKC He 3aBycen oT m-IPI 1 Mor IpefocTaBUTD JOIONTHUTENbHYIO IPOTHOCTUYECKYIO MH-
dopmaruo Ajst mydiest cTpaTudyKaLuy STUX HaLUEHTOB.
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