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Background: The digestive tract is the most common site of extranodal involvement in diffuse large B cell ymphoma (DLBCL)
and its prognostic evaluation is different from that of ordinary DLBCL. Currently, for gastrointestinal lymphoma,
in addition to the Ann Arbor staging system, the Lugano and the TNM staging systems are commonly used.
However, there is no effective prognostic model to identify poor prognosis in patients with localized gastroin-
testinal diffuse large B cell lymphoma (GI-DLBCL).

Material/Methods: This study included 82 patients with GI-DLBCL that had a median follow-up of 75 months, and developed a mod-
el (HLAMA) with 5 variables: hemoglobin, age, lactate dehydrogenase (LDH), serum albumin, and the maximum
intra-abdominal lesion diameter (MIALD). The specific indicators are: HGB <105 g/L (2 points); LDH >300 U/L;
age 275 years, ALB <38 g/L, MIALD >4 cm (each scoring 1 point). We also developed a simplified model, which
includes only 3 variables (HGB, LDH, and age).

Results: HLAMA model and the simplified model both demonstrated good ability to predict prognosis of patients with
GI-DLBCL (P<0.001), performing better than the IPI score as it could distinguish low-risk groups in relatively el-
derly patients (60-75 years old).

Conclusions: This study established a prognostic model for diffuse large B cell lymphoma of the gastrointestinal tract. Both
the HLAMA model and its simplified version are similar to the IPI score, but could be considered better as they
can provide a simpler and more accurate prognostic assessment in patients with GI-DLBCL. For patients with
localized GI-DLBCL, our model could distinguish high-risk patients.
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Background

The gastrointestinal tract is the most common site of extrano-
dal involvement in diffuse large B cell lymphoma (DLBCL), ac-
counting for approximately one-third of cases of primary ex-
tranodal DLBCL [1]. The Ann Arbor staging system [2,3] is not
easily applied to gastrointestinal tract lymphomas and, although
alternative staging systems have been proposed, staging gas-
trointestinal non-Hodgkin lymphoma (PG-NHL) is still contro-
versial [4]. Alternative staging systems include the Lugano
and the TNM staging systems. In the Lugano staging system,
prognosis is based on gastrointestinal involvement, especially
distant lymph node involvement. The high-risk group, Lugano
stage IV, specifically refers to patients with diffuse extranod-
al involvement or concomitant supracondylar lymph node in-
volvement [5]. This system has a good prognostic utility, but
like the Ann Arbor staging system, it is difficult to effectively
predict the prognosis in patients with DLBCL that have limit-
ed gastrointestinal tract involvement.

The TNM staging system derives from the staging system of
solid tumors and is evaluated by primary tumor characteristics
(T), the presence or absence of regional lymph node involve-
ment (N), and the presence or absence of distant metastases
(M). Based on a retrospective analysis of 101 patients with
primary gastrointestinal lymphoma, Chang et al [6] concluded
that the TNM staging system was better than the Ann Arbor
and the Lugano staging systems in the prognostic evaluation
of primary gastrointestinal lymphoma. However, because pa-
tients with gastrointestinal diffuse large B cell lymphoma do
not always undergo surgery and deep biopsy, the assessment
of the depth of invasion is clinically limited. Although endo-
scopic ultrasound (EUS) can determine the depth of the inva-
sion, additional tests increase the cost of treatment and are
not carried out by many health centers.

The International Prognostic Index (IPI) is one of the most im-
portant prognostic systems in non-Hodgkin lymphoma, with
accurate prognosis in several subtypes. In 2015, researchers
found that the IPI score not only clearly separated patients
with primary gastric diffuse large B cell lymphoma (PG-DLBCL)
into different risk groups, but also separated early-stage pa-
tients, classified according to the Lugano system, into groups
with distinct prognosis [7]. However, survival of patients with
the same IPI score varied significantly, indicating that there
is significant residual heterogeneity in each IPI category [8].
Moreover, the original IPI score is often only available in 3 di-
mensions (age, lactate dehydrogenase, and performance stat-
ue) in patients with limited-stage GI-DLBCL [9]. This will inev-
itably have an impact on the effectiveness of the model for
this group of patients.
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We aimed to evaluate the prognostic significance of the IPI
score in gastrointestinal DLBCL based on clinical manifesta-
tions and laboratory tests. Specifically, we aimed to identify
patients with limited-stage PG-DLBCL that have a poor prog-
nosis. We expect that a new prognostic model can be estab-
lished to more easily and accurately evaluate the prognosis
of DLBCL of the gastrointestinal tract.

Material and Methods

Data Set Summary

This study included 82 DLBCL patients with gastrointestinal
involvement who were treated at the Peking University Third
Hospital from March 2007 to March 2017. All patients were
diagnosed by gastrointestinal endoscopy or diagnostic biop-
sy, and biopsy samples from recurrence cases were ruled out.
The Hans algorithm was used to perform immunohistochem-
ical classification of diffuse large B cell lymphoma. The medi-
an follow-up time was 75 months. Among the 82 patients, the
male-female ratio was 1: 2. The median age was 63.5 years and
15 patients (18.3%) were over age 75. The diagnosis of prima-
ry gastrointestinal lymphoma is based on Dawson et al [10].
There were 38 cases (46.3%) of primary gastrointestinal lym-
phoma, 42 cases (51.2%) with stomach involvement, 12 cas-
es (14.6%) with small intestine involvement (including the du-
odenum), 14 cases (17.1%) with ileocecal involvement, and 4
cases (4.9%) with colon involvement. Rectal involvement was
rare, with only 1 patient and a total of 9 patients (11%) show-
ing multiple site involvement (2 or more sites).

We grouped patients based on their initial symptoms and en-
doscopic findings. Regarding symptoms, patients could be: (1)
asymptomatic; (2) show specific symptoms of the digestive sys-
tem, which included hematemesis, hematochezia, melena, and
obstipation (ie, inability to pass flatus or stool); and (3) show
non-specific digestive symptoms, which included abdominal
pain, bloating, anorexia, nausea, and vomiting. Regarding en-
doscopic findings, patients were classified according to: (1)
types of ulcers: no ulcer, isolated simple ulcers, giant ulcers,
and multiple ulcers; and (2) types of lesions: edema or benign
ulcers (no obvious bulging lesions or lumps, only edema or ul-
cer lesions), thickening and diffuse bulges (with microscopical-
ly visible bulges or thickenings), lumps, or polyp-type lesions.

We used abdominal computed tomography (CT) or positron
emission tomography (PET)-CT to develop a new index in
which the maximum intra-abdominal measurable lesion di-
ameter (MIALD) in the abdominal cavity, including gastro-
intestinal lesions and affected lymph nodes, was measured.
We also analyzed the patient’s pathological subtypes and im-
munohistochemical markers (Bcl-2 and Bcl-6). GCB and ABC
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were distinguished according to the Hans algorithm and the
Tally method [11,12]. Laboratory indicators used in this study
included: HGB (hemoglobin, 130-175 g/L), LDH (lactic dehy-
drogenase, 120-250 U/L), ALB (albumin, 40-55g/L), and 32
microglobulin (2-MG, 1.0-3.0 mg/L). These indicators were
measured at the patient’s initial diagnosis. HGB refers to the
value when no blood transfusion treatment was received at
the initial diagnosis. The number and proportion of patients
in each group can be seen in Table 1.

Variable Selection and Statistical Methods

For all quantitative data, based on the 3-year overall surviv-
al (0S) rate, we used the pROC package [13] (version 1.15.3)
in R software to draw the ROC curve and select the appropri-
ate cut-off values. For all categorical variables, comparisons
between groups were made based on the 3-year survival rate
and P values were obtained by chi-square tests and Fisher’s
exact tests. Survival analysis was performed on each group
and included age, sex, Ann Arbor stage, IPI score, onset site,
and complications. All P values were obtained by the log-rank
test. We used a random forest model [14] (randomForest pack-
age in R software, version 4.6-14) and a COX regression mod-
el to screen important variables and construct our prognostic
models. Statistical analyses were carried out with SPSS 25.0
and R software (version 3.5.3).

Results

Three-year Survival Rate

We calculated the 3-year survival rate of all groups and per-
formed a chi-square test to assess the differences between
variables (Table 1). The 3-year survival rates for males and fe-
males were similar, and there was no significant difference in
survival between groups with different sites involved. The clin-
ical symptoms, pre-treatment complications, pathological sub-
types, and BCL-2 and BCL-6 expression did not differ between
groups. Additionally, the endoscopic findings did not affect
the 3-year survival rate of patients. The significant variables
that affected patient survival rate were: age (P=0.01, HR=2.1),
primary gastrointestinal lymphoma (P<0.05, HR=2.84), post-
treatment complications (P<0.05, HR=3.84), Ann Arbor stage
(P<0.05, HR=1.69), IPI score (P<0.05, HR=1.61), and type of ul-
cers (P<0.05, HR=1.34). It seems that the IPI score (P=0.018)
had a stronger effect on distinguishing patients with differ-
ent prognoses than the Ann Arbor stage (P=0.045, marginal-
ly significant). Post-treatment complications seem to be more
predictive of prognosis than complications before treatment:
of the 14 patients with post-treatment complications, only 4
(28.6%) survived the 3-year threshold.

CLINICAL RESEARCH

Quantitative Data Processing

We used the pROC package of R 3.5.3 to draw ROC curves for
some major quantitative data and obtained cut-off values.
The mean age of patients was 61 years: 33 patients (40.2%)
were younger than 60 and showed a 3-year survival rate of
72.7%, while 15 patients (18.3%) were over 75 and showed a
3-year survival rate of only 26.6%. The ROC curve of age for
the 3-year survival rate suggests that the inflection point oc-
curs at age 74.5, with an AUC of 0.691 (Figure 1A). The AUC of
the ROC curve for Ki67 was only 0.548, suggesting that Ki67
had little effect on determining the prognosis. The median
HGB level was 111 g/L, with a minimum value of 57 g/L and a
maximum value of 167 g/L. The HGB-based ROC curve had an
AUC of 0.684 and an inflection point at 104.5 g/L (Figure 1B).

The LDH values ranged from 125 to 1833 U/L with a me-
dian of 230.5 U/L and a mean of 346.8 U/L. The AUC of its
ROC curve was 0.659 and the inflection point was at 301 U/L
(Figure 1C). The median value of ALB was 36.9 g/L with a
minimum value of 23.1 g/L and a maximum value of 46.5 g/L.
The AUC of its ROC curve was 0.712 and the inflection point
was at 38.15 g/L (Figure 1D). The median value of B2MG was
2.22 mg/L with a minimum value of 0.94 mg/L, and a maxi-
mum value of 12.2 mg/L. The AUC of its ROC curve was 0.737
and the inflection point was 2.39 mg/L (Figure 1E). The median
level of MIALD was 2.8 cm, with a maximum value of 17.5 cm.
The AUC of the ROC curve was 0.638 and the inflection point
was at 3.9 cm (Figure 1F). Based on these results, we select-
ed the following cut-off values for the survival analysis: age
75 years, HGB level of 105 g/L, ALB level of 38 g/L, B2MG lev-
el of 2.4 mg/L, and MIALD of 4 cm.

Survival Analysis

Using the cut-off values selected, we were able to perform
a univariate survival analysis on all variables and compare
their P values. The significant variables (with P values less
than 0.05) were: HGB level, age, LDH level, ALB level, MIALD,
IPI score, primary gastrointestinal lymphoma (PGL; yes or no),
Ann Arbor stage, and B2MG level (Figure 2A). The effect of HGB
was the most significant, followed by age and LDH level. Both
the Ann Arbor stage and the IPI score were significant in as-
sessing prognosis but were relatively weak, while the diagno-
sis of PGL (yes or no) was somewhere in between. However,
the predictive value of ALB and MIALD for prognosis was bet-
ter than the IPI score.

The HLAMA and the Simplified Models
To identify the most significant variables for the prognostic

evaluation, we established 2 models: the COX regression mod-
el and the random forest model. Based on the COX regression

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€929898-3




Gao F. et al:

CLI N ICAL RES EARCH Gastrointestinal diffuse large B cell ymphoma

© Med Sci Monit, 2021; 27: €929898

Table 1. Patient information and 3-year survival rate.

Number and proportion of Number and proportion of

Clinical featiies patients patients that survived

Total 82 48 (58.5%)

<60 33 (40.2%) 24 (72.7%) 9.0162 0.01102
"""" Between 6075 34 (4s%) 20 (859
"""" s 15 @83 4 @eew
e
"""" Male 45 (s49%) 27 (600% 00051 09431
"""" Famale 37 (@sa% 21 Gesw
CRGL
e 38 @63% 2% (736% 55823 001814
"""" N a4 (37%) 20 @ssw

Stomach 42 (51.2%) 28  (66.7%) 0.2002
”””” Smallintestne 12 (aew 4 @3%)
"""" leocecun 14 oz s G
”””” Clon 4 @ew 1 o@sow
"""" Rectom 1 a2 1@
”””” Mtplesis 9 auw 6 €67%
Csymptoms
 Agymptomatic 6 @3 3 Goo% 07485
”””” Non-specificsymptoms 58 (or%) 33 Gesw
”””” Specific symptoms 18 @2o% 12 €%

Yes 33 (40.2%) 17 (51.5%) 0.68985 0.4062
 Bleedng 20 @asm oeoow
 pefforaton o @ o ©&
””””” Obstruction 13 Q@sew 4 Gosw
 ntssusception s ©osw 3 00®
”””” N a9 Gesw o3 o@@2e
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Table 1 continued. Patient information and 3-year survival rate.

Number and proportion of Number and proportion of

Clinical featiies patients patients that survived

Pathological subtype

ABC 38 (46.3%) 21 (55.3%) 0.34074 0.8434
"""" 6B 2 @3% 15 s
"""" Notclassified 20 (4% 12 0%
B2
"""" Positve 30 (366% 12 (400% 29881 008388
"""" Negatve 22 (es% 15 (829
CBd6
"""" Positve 34 @15%) 21 (618%) 053684 04637
"""" Negatve 34 @s% 17 Goow

[ 17 (20.7%) 14 (82.4%) 0.04476
"""" . 1 oqrw 10 (e
"""" W o qiem s Gsew
"""" v & G129 19 w@s2%)
DRl
"""" o 9 q@uw s @  oows
"""" r 13 ogsew s 65w
"""" > 17 o 13 @eaw
"""" s 15 oq@smw 6 w@wow
4 20 @asw s w@woow
"""" s 2 @4 0o ©»

No ulcer 22 (26.8%) 9 (40.9%) 0.02365
”””” Smpleuter 30 (66w 24 @o0%®
”””” Mutipleulcers 12 (4e®) 6 (00%)
CGiantUleer 3oasew 7 e

Mucosal erythema/benign-appearing

. 48  (58.5%) 31 (64.6%) 1.5733 0.4554
gastric ulcer
Thickened or diffuse bulge 15  (18.3%) 7  (46.7%)
Mass 14 (%) 8 (57.1%)

PGL - primary gastrointestinal lymphoma; specific symptoms include hematemesis, blood in the stool, melena, and cessation of
exhaustion; ABC — activated B cell type; GCB — germinal center B cell type.
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Figure 1. ROC curves of the variables used. (A) ROC curve of age and 3-year survival rate. (B) ROC curve of HGB and 3-year survival
rate. (C) ROC curve of LDH and 3-year survival rate. (D) ROC curve of ALB and 3-year survival rate. (E) ROC curve of 2MG and
3-year survival rate. (F) ROC curve of MIALD and 3-year survival rate.
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Figure 2. Survival analysis. (A) Univariate analysis of all variables and their P values. (B) Survival analysis of the simplified model.

(©) Survival analysis of HLAMA model.

model, HGB and LDH were selected as variables that could be
included in the regression equation (Table 2, P<0.01). On the
other hand, the random forest model, which was based on
patient outcome and had numerical and categorical variables,
had an accuracy rate in predicting the three3-year survival
rate of 76.5% and a recall rate of 81.3%. The most significant
variables were HGB, MIALD, age, and ALB (Table 3, Figure 3).

Based on these results, we built 2 models that incorporated
the most significant variables (HGB level, age, LDH level, ALB
level, and MIALD): an integral model with 5 variables and a
simplified model with only 3 variables. Given that the HGB re-
gression coefficient was higher in the COX regression model
(Table 2) and that it was the most significant variable in both
models, we gave HGB the highest weight (weight=2), while the
other variables were given lower weights (weight=1).
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The model including all 5 variables was named HLAMA and in
this model, HGB values <105 g/L scored 2 points; LDH levels
>300 U/L, age 275y, ALB <38 g/L, and a maximum intra-ab-
dominal lesion diameter (MIALD) >4 cm scored 1 point each.
The simplified model included only HGB level, LDH level, and
age (Table 4). For the HLAMA model, a high-risk group scored
4 points or higher, while a score of 0 is considered a low-risk
group and a score between 0 and 4 is considered as interme-
diate-risk. For the simplified model, the high-risk group scored
3 or higher, the low-risk group scored 0, and the intermedi-
ate-risk group scored between 0 and 3. Using these 2 models,
we were able to distinguish patients with poor prognosis from
patients with good prognosis. According to the HLAMA mod-
el, there were 23 high-risk patients, of whom 22 died and the
median survival period was only 6 months. The median sur-
vival period for patients in the intermediate-risk group was
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Table 2. Variables used in the COX regression.
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Step 1 HGB -1.975 0.469 17.689
HGB -2.074 0.478 18.802

Step 2
LDH -1.521 0.41 13.741

Degree of 95.0% Exp(B) CI
P value
freedom
1 0 0.139 0.055 0.348
1 0 0.126 0.049 0.321
1 0 0.219 0.098 0.488

B indicates regression coefficient, SE indicates standard error, Exp(B) indicates relative risk.

Table 3. Variables in a random forest model.

Alive Dead
Age 4.2685533 2.0465212
HGB 5829504 94041157
CpaMG 24561263 3.1466944
CAB 30848666 59015839
oW 15605664 -17406013
PGL 02408816  -0.5040394
Pathological subtype 42577819 32987249
CmAD  el79a61 35795777

Mean decrease accuracy Mean decrease gini

4.3303862 4.165581
"""""""""""" 03688256 5993836
"""""""""""" 38752058 3650912
"""""""""""" 5963592 420171
o188 2420022
0401279  ose321
"""""""""""" 3100322 124679
"""""""""""" 5002305 379236

Pathological subtype includes three groups: ABC, GCB, and not classified.

55 months. There were 20 low-risk patients and all who con-
tinued their follow-up survived (Figure 2B, 2C).

Prognosis by Age Group and IPI Score

Since a larger age cut-off value is provided in the final model|,
we evaluated the effectiveness of the model in different age
groups. Among the population with an age over 60 years, pa-
tients with good prognosis could still be selected by the HLAMA
model (Figure 4). A similar distinction was found in the simpli-
fied model. On the other hand, both models included younger
patients in the low- or intermediate-risk group.

We compared the high-, intermediate-, and low-risk groups of
the model with the corresponding groups determined by IPI
scores (Figure 5A-5D). The prognosis of the high-risk group
based on the HLAMA model was significantly lower than the
prognosis based on IPI scores (P=0.016). The prognosis of the
low-risk group based on the HLAMA model was significant-
ly better than the prognosis based on the IPI score (P=0.04).
There was no significant difference in the prognosis of the in-
termediate-risk group between the 2 models. We also com-
pared the groups obtained by NCCN-IPI scores with those ob-
tained by HLAMA scores. Because the NCCN-IPI score divides
patients into 5 risk stratifications, and extranodal involve-
ment is used as an integral item, we compared the low-risk

group of HLAMA with the medium-risk and low-risk groups
of the NCCN-IPI score. The results showed that the survival of
the HLAMA low-risk group was similar to that of the NCCN-IPI
low-risk group, but more patients were enrolled. The HLAMA
high-risk group had worse survival than the NCCN-IPI high-
risk group (P=0.016) (Figure 5E, 5F).

We are particularly concerned about the performance of this
model in primary diffuse large B cell ymphoma of the gastro-
intestinal tract because the ability to identify relatively high-
risk patients from PGL is one of its main clinical implications.
The survival analysis based on different risk groups differed
significantly in both the HLAMA model (p=0.0013) and the
simplified model (P<0.0001) (Figure 6).

Discussion

The gastrointestinal tract is the most common site of extrano-
dal involvement in lymphoma cases, where the entire diges-
tive tract can be involved. GI-DLBCL is an aggressive lympho-
ma that may be de novo or originate from another lymphoma
(usually MALT lymphoma). It accounts for 40-70% of all gas-
tric lymphomas and is more common in men ages 50-60
years [4,15]. DLBCL often shows significant heterogeneity, and
diffuse large B cell ymphoma of the gastrointestinal tract is no
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Figure 3. Variables in a random forest model.
churn.rf The ‘Subtype’ represents the
pathological subtype.
HGB |+ ) HGB O
1 - O ALB [ O
Y711 — O T O
Age | O [TTTH) J P O
(Y] [ ER—— O Y e [N
ST — PO 1) [T S Orrereeeneen e
LDH [0evemmeremmreemreniccmcnicnens Subtype |- veere@neren e
T 7T TS
T T T T T T T T T T 1T
0 2 4 6 8 01 2 3 4 5 6
Mean decrease accuracy Mean decrease gini

Table 4. Variable values for the HLAMA model and for the
simplified model.

HLAMA score  Simplified model

used, even though their accuracy is still controversial [4]. For
instance, the prognostic ability of the TNM staging system may
be weakened due to the surgical treatment of gastrointestinal
lymphoma [17]; the Musshoff-modified Ann Arbor staging sys-
tem may not provide sufficient prognostic indicators for ear-

105 2 2

HGB (g/L) s o o ly-stage patients with localized PG-DLBCL [7]; and, finally, the
N IPI score, which is widely used in the assessment of lympho-
LDH (U/L) 20 1 L ma prognosis, may not accurately distinguish the prognosis
<300 0 0 between high-risk patients and low- or intermediate-risk pa-
"""""""""""""" > 75y11 tients [18,19]. To solve these issues, Zhang et al [7] proposed
Age <75y """"""""" 0 """"""""""""" O """"""" a prognostic method that combines the IPI score with the
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Lugano staging system, but this made prognostic evaluation
ALB (g/) oo 1 even more complicated [7]. Therefore, we aimed to design a

>38 0 more concise prognostic tool.

>4 1

MIALD (cm) - <4 """"""""" o Several studies have evaluated the prognostic factors of gas-

For the HLAMA model: >4 points indicate high-risk; O points
indicate low-risk; 1 to 3 indicates intermediate-risk. For the
simplified model: >3 points indicate high-risk; O points indicate
low-risk; 1 or 2 indicates Intermediate-risk.

exception [16]. Therefore, prognostic characterization of indi-
vidual patients is necessary to determine the best treatment.

The prognosis of gastrointestinal lymphoma is evaluated by
several classification methods, but the Ann Arbor staging sys-
tem and the Musshoff-modified Ann Arbor staging system are
still the most commonly used staging systems. In addition,
the Lugano, the TNM, and the Paris staging systems are also

trointestinal lymphoma using both univariate analysis and
COX regression multivariate analysis [16,21-23]. In 2014, Song
et al [22] conducted a study with 85 patients who had dif-
fuse large B cell lymphoma of the gastrointestinal tract, and
found that age, lesion site, tumor size, clinical Lugano stag-
ing of the gastrointestinal tract, and IPI score affected OS of
patients. Additionally, Bautista-Quach et al [16] also found
that age, stage of the disease, lactate dehydrogenase (LDH)
levels, and chemotherapy treatment were independently and
significantly related to survival [16]. Zhang et al [7] showed
that age over 60 years, extranodal multi-site/gastrointestinal
involvement, increased serum lactate dehydrogenase and f32-
microglobulin, and decreased serum albumin were survival-re-
lated factors. In our study, we found that hemoglobin levels,
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Figure 4. Prognostic analysis for different age groups. (A) HLAMA model in patients older than 60 years. (B) HLAMA model in patients
younger than 60 years. (C) Simplified model in patients older than 60 years. (D) Simplified model in patients younger than 60

years.

age, lactate dehydrogenase (LDH) levels, serum albumin lev-
els, and the maximum intra-abdominal lesion diameter at ini-
tial diagnosis significantly affected the survival of patients.
Hematologists may be familiar with these indicators, as he-
moglobin levels and serum albumin levels have appeared in
the IPS score of Hodgkin lymphoma [23], while age and LDH
level are indicators of IPI score. Among the several prognostic
models, the cut-off values of a given indicator are very simi-
lar, indicating the importance of these indicators.

The relationship between anemia and gastrointestinal lympho-
ma is not fully understood, but its manifestation is very com-
mon in several gastrointestinal tumors. Vdyrynen et al [24] re-
ported that 43% of patients with colorectal cancer developed
anemia, the most common being normocytic anemia, followed
by microcytic anemia. Their study suggests that decreased lev-
els of hemoglobin are associated with systemic inflammation
and that normocytic anemia is related to lower overall surviv-
al rates [24]. Patients with anemia do not always show sig-
nificant manifestations of gastrointestinal bleeding. In fact, in
this study, 39 patients had hemoglobin levels below 110 g/L,
but only 15 (18%) had meaningful manifestations of gastro-
intestinal bleeding (including melena, vomiting, and positive

occult blood). Nonetheless, the relationship between anemia
and gastrointestinal lymphoma needs further investigation.

Albumin level is frequently used in lymphoma and gastroin-
testinal tumor studies, and its importance was confirmed in
a study with 75 cases of primary diffuse large B cell lympho-
ma of the stomach, in which the authors reported that ALB
<35 g/L, stage 2lIE, and multi-site involvement were factors
predicting poor prognosis [25]. Coincidentally, Mao et al [26]
also considered ALB as a predictor of poor prognosis for pa-
tients with primary intestinal diffuse large B cell lymphoma
(PI-DLBCL). Similarly, our study suggests that ALB is only slight-
ly reduced and may also indicate a poor prognosis (reference
range, 40-55 g/L). Differences in the reference range may be
due to differences in the detection methods used. Additionally,
decreased albumin levels may indicate poor nutritional status
or the loss of protein caused by tumors, or may be related to
the risk of thrombosis [27]. Nonetheless, decreased levels of
albumin might indicate a greater inflammatory response, po-
tentially leading to poorer outcomes [28].

Inclusion of the largest measurable lesion diameter (MIALD)
into the model was based on the widespread application of
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Figure 5. Comparison with the IPI score. (A) Risk stratification based on IPI score. (B) Comparison of high-risk group obtained with the
HLAMA score and with the IPI score. (C) Comparison of intermediate-risk group obtained with the HLAMA score and with the
IPI score. (D) Comparison of the low-risk group obtained with the HLAMA score and with the IPI score. (E) Comparison of low-
risk group obtained with the HLAMA score and with the NCCN-IPI score. (F) Comparison of the high-risk group obtained with

the HLAMA score and with the NCCN-IPI score.

the Lugano staging system in recent years. In addition, includ-
ing such a simple and easy-to-obtain image result is very useful
for clinical applications. A recent study has demonstrated that
prognosis can be assessed in lymphoma clinical trials using the
sum of the largest diameters of up to 3 target lesions [29]. Our
study also found that patients with MIALD greater than 4 cm had
worse prognosis. In recent years, imaging indicators, such as the
maximum SUV value and lesion diameter, have often been used.
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We developed a 5-variable HLAMA model and a 3-variable sim-
plified model: the HLAMA model basically fits the results of the
random forest model, while the simplified model basically fits the
COX regression model. Setting up a more complex HLAMA model
or adding age to the simplified model was not carried out in order
to avoid overfitting caused by too few variables and to reduce the
bias of the data itself. We expect other researchers to test and
modify our model to create a more accurate and concise model.
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Figure 6. HLAMA model and simplified model of patients with primary gastrointestinal lymphoma. (A) Comparison of different risk
groups with PGL according to the HLAMA model. (B) Comparison of different risk groups with PGL according to the simplified

model.

Regardless of the model used, we recommend that patients
be distinguished in terms of risk groups. The median surviv-
al time of patients in the high-risk group, according to the
HLAMA model, was only 6 months and most patients did not
survive. In addition to effectively screening high-risk patients,
the model also shows significant differences between low- and
intermediate-risk patients. Of the 39 patients in the interme-
diate-risk group, nearly half belonged to stage I-Il of the Ann
Arbor staging system, and 8 patients belonged to the low-risk
group based on the IPI score. Thus, distinguishing such groups
of patients is the best practice.

One potential flaw of this study is the age of our patients, as
the mean age was 61 years and, in previous studies, the mean
age of gastrointestinal lymphoma patients was around 55 [30].
However, we found that patients with gastrointestinal lym-
phoma can tolerate treatment and achieve better prognosis
even in this age-specific group: of the 49 patients over age 60
years, 29 were still in the low-risk group. Recently, a new prog-
nosis score, the International Prognostic Index of the National
Comprehensive Cancer Network (NCCN-IPI), was given to 1660
DLBCL patients treated with R-CHOP at the British Columbia
Institute. Based on the linear effect of age on survival, NCCN-
IPI divides advanced age into different categories (40-60 years,
60-75 years, and over 75 years), which are associated with in-
creased risk [31]. In our study, the NCCN-IPI score was com-
pared with the HLAMA score. Although NCCN-IPI has carried
out 5 stratifications, the effect is relatively poor in GI-DLBCL
patients, and the identification of high-risk patients is not as
good as the HLAMA score, and because all patients have ex-
tranodal involvement, the number of patients included in the
low-risk group with NCCN-IPI score is insufficient.
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In addition, the number of patients included in this study was
relatively small, and data related to molecular markers and/
or tumor immune microenvironment were not included, which
may limit the application potential of the scoring system. We
aim to make up for these shortcomings in prospective fol-
low-up studies, and look forward to multi-center cooperation.

Conclusions

We developed a prognostic model for diffuse large B cell lym-
phoma of the gastrointestinal tract based on hemoglobin lev-
els, age, lactate dehydrogenase (LDH) levels, serum albumin
levels, and the maximum intra-abdominal lesion diameter. We
believe that both the HLAMA model and its simplified version
are practical for clinical use. Both models are similar to the
IPI score, but could be considered better as they can provide
a simpler and more accurate prognostic assessment in pa-
tients with gastrointestinal lymphoma. For patients with local-
ized gastrointestinal lymphoma, our model can identify high-
risk patients, and for relatively older patients, it can identify
the low-risk population, enabling the possibility of more ag-

gressive treatment.
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