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Abstract
BACKGROUND
A significant number of patients with liver cirrhosis concomitantly develop some type of solid or hematological cancer, including lymphoma. Treatment of patients with lymphoma and cirrhosis is challenging for physicians due to the clinical characteristics related to cirrhosis, including biochemical and functional abnormalities, as well as portal hypertension and lack of scientific evidence, limiting the use of chemotherapy. Currently, experts recommend only offering oncological treatment to patients with compensated cirrhosis.

AIM
To evaluate the clinical characteristics and treatment outcomes in patients with cirrhosis and lymphoma treated with chemotherapy.

METHODS
This was a case-control study conducted at a tertiary care center in Mexico. Data was recorded from medical files and from 8658 possible candidates with cirrhosis and/or lymphoma (2000 to 2018). Only 23 cases had both diseases concomitantly; 10 patients with cirrhosis and lymphoma (cases) met the selection criteria and were included, and 20 patients with lymphoma (controls) were included and matched according to age, sex, and date of diagnosis, type and clinical stage of lymphoma. All patients received treatment with chemotherapy. For statistical analysis, descriptive statistics, Shapiro-Wilk test, Mann-Whitney U test, chi-square test and Fisher's exact test were used. Survival was evaluated using Kaplan-Meier curves and Log-rank test.

RESULTS
There were differences in biochemical variables inherent to liver disease and portal hypertension in patients with cirrhosis. The most frequent etiology of cirrhosis was hepatitis C virus (50%); 80% were decompensated, the median Child-Turcotte-Pugh score was 7.5 (6.75-9.25), and mean Model for End-stage Liver Disease was 11.5 ± 4.50. Regarding lymphomas, non-Hodgkin's were the most common (90%), and diffuse large B cell subtype was the most frequent, with a higher International Prognostic Index in the cases (3 vs 2, P = 0.049). The chemotherapy regimens had to be adjusted more frequently in the case group (50% vs 5%, P = 0.009). The complications derived from chemotherapy were similar between both groups (80% vs 90%, P = 0.407); however, non-hematological toxicities were more common in the case group (30% vs 0%, P = 0.030). There was no difference in the response to treatment between groups. Survival was higher in the control group (56 wk vs 30 wk, P = 0.269), although it was not statistically significant.

CONCLUSION
It may be possible to administer chemotherapy in selected cirrhotic patients, regardless of their severity, obtaining satisfactory clinical outcomes. Prospective clinical trials are needed to generate stronger recommendations.
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Core tip: Treatment in patients with liver cirrhosis and lymphoma represents a challenge for physicians given the lack of scientific evidence. Experts recommend offering oncological treatment only to patients with compensated cirrhosis. In this study, we included mainly decompensated patients with cirrhosis and lymphoma, and when compared to patients with lymphoma, we observed that clinical characteristics, response rate and complications derived from chemotherapy were similar in both groups. Chemotherapy was adjusted more in patients with liver dysfunction; however, this did not alter the response to treatment or prognosis. We propose that lymphoma treatment can be provided in patients with cirrhosis at any clinical state.
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INTRODUCTION
Liver cirrhosis and cancer are two major public health issues due to the high incidence and prevalence of each of these diseases. The fact that these diseases are relatively frequent in the general population increases the likelihood of having them simultaneously[1,2]. It is well known that liver cirrhosis is the main risk factor for developing hepatocellular carcinoma (HCC); however, it also increases the risk of having other extrahepatic malignancies[3,4]. Considering that both entities have common risk factors, such as alcohol consumption, smoking, obesity and metabolic syndrome, they may appear concomitantly[5-10].
Since HCC is the most common type of cancer in cirrhotic patients, most of the literature is centered on its management. Therefore, the management of other types of cancer, especially those less frequent in this population, may present a bigger challenge given that treatment-related hepatotoxicity can significantly affect the prescription and response, as well as the incidence of adverse events.
Lymphomas are malignant neoplasms of B, T and natural killer cells that represent approximately 4.7% of all malignant tumors[11]. There are two main types, Hodgkin lymphomas and non-Hodgkin lymphomas, which represent 10% and 90% of all of these, respectively. Lymphomas can be divided into indolent or aggressive according to their immunophenotype, with treatment. The five-year survival rates for non-Hodgkin and Hodgkin lymphomas are 72% and 86.6%, respectively[11]. Currently, with advances in chemotherapy, it is estimated that between 50% and 80% of all cases are likely to be cured when optimal therapy is provided[12,13]. However, treatment of lymphoma in patients with cirrhosis is a difficult task, and even the involvement of a multidisciplinary team may still not be enough, considering the lack of published literature about clinical outcomes, the narrow therapeutic index of the drugs and the complicated safety problems that are typical in these patients.
A review article by the European Society of Medical Oncology published in 2016 establishes expert recommendations on the treatment of this type of patient, indicating that it is always important to consider the severity of cirrhosis to establish the best therapeutic strategy[14]. However, there are no available studies evaluating survival and the different chemotherapy regimens used in patients who present concomitantly with lymphoma and cirrhosis.
The appropriate strategy for chemotherapy treatment in patients with lymphoma and liver cirrhosis has not yet been defined. Since most clinical trials for lymphoma exclude patients with cirrhosis and vice versa, the available knowledge about clinical outcomes and the use of chemotherapeutic agents in this context is based only on recommendations from pharmaceuticals and experts, case reports, case series and clinical trials investigating the usefulness of different drugs in the context of hepatocellular carcinoma.
Due to the lack of guidelines for the management of these patients, there are only small case series and case reports where the authors describe the therapy used in patients with lymphoma and cirrhosis, treated effectively and safely[15-17]. Therefore, the aim of this study was to evaluate clinical characteristics and treatment outcomes (survival, the type of chemotherapeutic regimen used, and the response rate and complications derived from it) in patients with liver cirrhosis and lymphoma compared with patients with lymphoma.

MATERIALS AND METHODS
This was a case-control study conducted at a tertiary care center in Mexico City (Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán, INCMNSZ). The study was performed in accordance with the Declaration of Helsinki of the World Medical Association and was approved by our institutional Ethics Committee with Ref. No. 2914. All patients over 18 years of age with a diagnosis of liver cirrhosis and/or lymphoma from January 1, 2000, to December 31, 2018, were considered for inclusion. No written informed consent was obtained for the retrospective nature of this study.

Patients with liver cirrhosis and lymphoma (case group)
[bookmark: OLE_LINK715][bookmark: OLE_LINK716]The cases included patients with an established diagnosis of liver cirrhosis and lymphoma. The diagnosis of cirrhosis was established by clinical tests (non-invasive markers, biochemical markers and evidence of portal hypertension in ultrasonography or the presence of esophageal varices in endoscopy) or liver biopsy. The severity of the liver disease was assessed according to Child-Turcotte-Pugh (CTP), Model for End-stage Liver Disease (MELD), and the MELD-Na (MELD sodium) scores. The criterion for decompensated cirrhosis was defined by a CTP class B or C or by the presence of an overt clinical decompensation (jaundice, variceal hemorrhage, ascites, hepatic encephalopathy). The diagnosis of lymphoma was established by histopathology. Patients who had a diagnosis of lymphoma prior to the diagnosis of liver cirrhosis, those who refused treatment with chemotherapy, those who died prior to administration of the chemotherapy regimen, and those with incomplete data in the medical records were excluded.

Patients with lymphoma (control group)
The control group included patients with lymphoma diagnosed by histopathology, with no evidence of liver disease. This group was electronically randomized for selection. Patients who were not treated with chemotherapy and those with incomplete data in the medical records were excluded. The ratio of controls and cases was 2:1. Controls were adjusted with cases according to age (older or younger than 60 years), sex, date of diagnosis of lymphoma, type of lymphoma, and early (I and II) or advanced (III and IV) clinical stage.

Medical care
The patients in both groups received the standard medical care from the tertiary care center. The patients in the case group were evaluated by the Departments of Internal Medicine, Gastroenterology and Hematology, and the patients in the control group were evaluated by the Departments of Internal Medicine and Hematology. The chemotherapeutic treatment was proposed by the interdisciplinary group, and the final decision was made by the Department of Hematology.

Statistical analysis
The distribution of continuous variables was evaluated using the Shapiro-Wilk test. For the baseline clinical characteristics, descriptive statistics were used, for quantitative variables, mean ± standard deviation or median and (p25-p75) were used according to the distribution, while for qualitative variables, absolute frequencies were used.
Student's t test was used whenever the data had a normal distribution, and Mann-Whitney U test was used when the data distribution was nonparametric. Chi-square or Fisher's exact tests were used for categorical data, and Kaplan-Meier curves and log-rank tests were used to evaluate survival. A value of P < 0.05 was considered statistically significant. Statistical analysis was performed using the SPSS software package version 25 (International Business Machines, Armonk, NY, United States).

RESULTS
We reviewed 8658 medical records of patients with diagnosis of lymphoma and/or cirrhosis and found 23 patients with a concomitant diagnosis of liver cirrhosis and lymphoma, of whom only 10 patients underwent chemotherapy. These were paired with 20 patients with lymphoma without liver disease to perform the analysis. The flowchart for patient inclusion is shown in Figure 1.

Baseline characteristics of the study population
The demographic, clinical and biochemical characteristics of the study population are shown in Table 1. Differences were found, as expected, only in biochemical parameters with changes inherent to cirrhosis compared to the non-cirrhotic population.

Characteristics of the population with cirrhosis
The etiology and severity of liver disease in the case group are shown in Table 2. The etiologies of liver cirrhosis were hepatitis C virus (HCV) in 5 (50%) patients, non-alcoholic fatty liver disease (NAFLD) in 2 (20%) patients, alcohol in 1 (10%) patient, autoimmune hepatitis in 1 (10%) patient and cryptogenic in 1 (10%) patient. In relation to the five patients with viral cirrhosis (HCV), four of them were treatment naïve at the time of lymphoma diagnosis, and one of them had been treated previously and achieved sustained virologic response before the onset of lymphoma. Only one treatment naïve patient could receive antiviral treatment after chemotherapy. Regarding liver disease, eight (80%) patients were in a decompensated state of cirrhosis. The events of decompensation in the population included ascites in 6 (60%) patients, variceal bleeding in 5 (50%) patients, jaundice in 1 (10%) patient, hepatic encephalopathy in 1 (10%) patient and spontaneous bacterial peritonitis in 1 (10%) patient. The median score according to the CTP scale was 7.5 points, and the distribution for classes A/B/C of this scoring system was n = 2, 6, 2, respectively. The mean score according to the MELD prognostic index was 11.5 ± 4.50 points, and MELD-Na was 16.5 ± 5.12 points. The median time between the diagnosis of cirrhosis and lymphoma was 2.16 years, with a range between the same diagnostic time and 8.6 years after the diagnosis of cirrhosis.

Characteristics of lymphoma in the population
The characteristics of patients with lymphoma in both groups are shown in Table 3. Non-Hodgkin's lymphomas were the most common type (90%, n = 27), and within these, the predominant histologic subtype was diffuse large B cell (80%) in 24 patients (7 cases and 17 controls). In the case group, there was only one patient with Hodgkin's lymphoma with histological variety of lymphocytic depletion. In relation to the clinical stage, there were no significant differences between the two groups. The severity, according to the different prognostic scales validated for the different types of lymphoma, was greater in patients with cirrhosis [International Prognostic Index (IPI): 3 vs 2, P = 0.049]. The quality of life according to the Eastern Cooperative Oncology Group scale of performance status and the presence of B symptoms was similar between both groups. Finally, we observed that from the established risk factors for the development of lymphoma, the case group had a higher prevalence of Helicobacter pylori infection (3 vs 0, P = 0.030).

Treatment and its outcomes
The type of chemotherapy and its outcomes in the study population are described in Table 4. The drugs used in the most relevant chemotherapy regimens were very similar between both groups. Chemotherapy was adjusted more frequently in patients with cirrhosis and lymphoma than in patients with lymphoma alone (50% and 5%, respectively, P = 0.009). In relation to complications derived from chemotherapy, there were similarities between both groups (80% vs 90%, P = 0.407); however, non-hematological toxicities were more frequent in the case group (30% vs 0%, P = 0.030). Regarding non-hematological toxicities, in the case group, 1 patient (10%) presented acute kidney injury AKIN II, 1 patient (10%) presented atypical pneumonia, and 1 patient (10%) had acute non-infectious diarrhea grade II. In the control group, 18 (90%) patients had hematological toxicity, and there was no other type of toxicity.
Among the complications derived from chemotherapy, we found that most were hematological toxicities, mainly anemia. On the other hand, it was remarkable that patients with lymphoma and cirrhosis had a trend to develop less hematological toxicity than the controls (cases 60% vs controls 90%, P = 0.141), which may be related to the adjustment in chemotherapy. Within hepatic toxicities, only one decompensating event (hepatic encephalopathy) occurred in one patient, which had implications in the continuation of chemotherapeutic treatment but did not directly correlate with the cause of death. Other important complications are infections, which were higher in patients with cirrhosis and lymphoma, probably because of the susceptibility of patients due todepletion of immunity, in addition to the state of decompensation of the patients.
Treatment response was evaluated according to international recommendations and divided into complete response (4 cases vs 10 controls, P = 0.488), partial response (4 cases vs 9 controls, P = 1.0), stable disease (2 cases vs 1 controls, P = 0.251), disease progression (5 cases vs 5 controls, P = 0.231) and relapse (2 cases vs 3 controls, P = 1.0). The number of deaths in patients with cirrhosis was 7 (70%), and in patients without liver disease, there were 8 deaths (40%), although it was not significant (P = 0.209).
The survival of patients in both groups can be seen in Figure 2 in the Kaplan-Meier curve. Table 5 shows that the mean survival of patients with lymphoma without liver disease was 56 wk, while in patients with lymphoma and cirrhosis, it was 30 weeks on average, although no statistically significant difference (P = 0.269) was observed, most likely due to the sample size.

DISCUSSION
Liver cirrhosis is a frequent disease worldwide and is the 14th cause of mortality globally[18]. In addition, these patients have risk factors related both to the development of cirrhosis (such as HCV infection) and disease per se (alterations in immune surveillance), which confers an increased risk of developing neoplastic diseases, including lymphomas[19-21]. Due to the progressive increase in hepatic diseases such as NAFLD, it is expected that in the next years, there will be more cases of cirrhosis, and concomitantly, these patients may develop extrahepatic tumors such as lymphoma, making it necessary to know how to approach these patients with both conditions.
Chronic liver disease (especially cirrhosis) poses multiple challenges when deciding the type of chemotherapy due to clinical characteristics of these patients, including hypersplenism, with a lower margin of safety for hematological complications such as thrombocytopenia, anemia, and leukopenia; the elevation in bilirubin levels is itself one of the few parameters recommended for chemotherapy adjustment, but which may be biased in interpretation in patients with cholestatic diseases such as primary biliary cholangitis; and finally, the patient's general condition, in which cachexia, deconditioning, low protein/albumin levels and decreased liver function are observed.
Currently, the recommendations issued by different experts are based solely on the evaluation of liver function as the main determinant of its prognosis. Patients with compensated cirrhosis, whose prognosis they consider to be defined primarily by cancer, are considered for chemotherapy. On the other hand, decompensated patients, whose prognosis is estimated to be determined by liver disease, are not considered for treatment because experts believe it may further worsen liver function and only provide supportive care. While these factors should be taken into account, there is no strong recommendation that more objectively delimits the optimal parameters for offering chemotherapy treatment, which gives the patient a greater survival rate without neglecting their safety.
In the present study, expected differences between cases and controls were observed in biochemical parameters, including liver function tests abnormalities, high INR and low platelet levels. These differences are secondary to liver disease itself and portal hypertension leading to hypersplenism.
It is noteworthy that most (80%) of the patients with cirrhosis in the study were in a decompensated phase of the disease. This is of utmost importance, since according to the current expert recommendations, these patients would be excluded from oncological treatment. However, despite decompensation, treatment with chemotherapy is feasible in this population without affecting safety or presenting greater toxicity or adverse events.
[bookmark: OLE_LINK717][bookmark: OLE_LINK718]Regarding the general characteristics of lymphomas, the majority (66%) of patients in the study were diagnosed at advanced stages (clinical stage III and IV) of the disease, most patients had B symptoms, with weight loss being the most common (66%) and one of the main reasons for seeking medical care. In the case of diffuse large B cell non-Hodgkin's lymphomas, the IPI was significantly higher in cases than in controls (cases 3 vs 2 controls, P = 0.049), maybe due to increased extra nodal involvement.
Finally, it should be noted that in relation to the risk factors associated with the development of lymphoma, the group of patients with liver disease had a higher incidence of a history of H. pylori infection, which has been reported in previous studies. These studies have shown an increased risk of H. pylori infection in patients with liver cirrhosis, especially in those with viral etiology (HCV and hepatitis B virus), most likely due to impaired immune function[22,23].
In relation to survival, as seen in the Kaplan-Meier curves, patients with cirrhosis had a lower survival rate (almost half compared to those without liver disease), although it failed to reach statistical significance, probably due to the sample size; however, despite the extensive search of nearly 9000 patients (including those with cirrhosis and those with lymphoma), only the cases described in this study were found.
Even though the presence of portal hypertension-related complications contributes to the increased mortality in patients with cirrhosis and lymphoma, this should not preclude the evaluation and treatment of hematological disease with curative intentions. Regarding this, in the group of cases, we found a CTP class C patient who received non-adjusted chemotherapy and had an overall survival of 82 week to finally receive a liver transplant. This is important because it shows that even in decompensated patients, curative treatment is feasible and not confining the patient to palliative treatment only.
It is important to note that chemotherapy is usually adjusted with the value of bilirubin; therefore, cirrhotic patients, having high bilirubin levels from the liver disease itself, an adjustment is often made that may even contraindicate certain drugs and are not given a complete regimen that they could tolerate.
Although there are clinical characteristics that make patients with cirrhosis not the best candidates to receive chemotherapy, in this study it was observed that this treatment is feasible even in decompensated patients, observing greater renal, gastrointestinal and infectious toxicity. None of these complications caused death, which will help to more closely monitor this type of complication in patients with cirrhosis and lymphoma treated with chemotherapy, as well as to develop more studies to establish the safety margin of these drugs and to adequately define the adjustment and effectiveness of chemotherapy.
It is important to emphasize that currently, there are no international guidelines on the management of these patients, and in the field of clinical research, there is very little work to develop scientific evidence in this regard. Although several positions have been proposed by different experts in the field, they do not have satisfactory clinical validation. The absence of randomized clinical trials with this patient group means that the choice of treatment is not evidence-based. Therefore, it is important that in the future, clinical trials on chemotherapy treatments that include patients with cirrhosis are designed to generate recommendations based on the evidence and to know their outcomes.
This is the first study evaluating the clinical characteristics, the type of chemotherapy, the response and complications arising from the treatment, and survival in patients with cirrhosis and lymphoma.
The strengths of the study include an adequate methodology and the fact that all patients had a thorough evaluation of the characteristics of cirrhosis and its complications, sometimes in other studies overlooked when evaluated only by one type of specialist. In this study, the type and adjustment of chemotherapy was decided by a multidisciplinary team (Internal Medicine, Hematology, Gastroenterology and Hepatology) according to the available guidelines in a non-cirrhotic population.
This study has some limitations; first, being a retrospective study, it has an inherent risk of information and selection bias. Some of the bias that may be present in this study may be due to the fact that we analyzed patients from a large time period, which could cause differences in the available treatments. Additionally, we excluded patients who refused chemotherapy or died before receiving it, which could be considered as bias; however, since we wanted to evaluate the response to chemotherapy, it was considered necessary to exclude them for the purpose of the study. On the other hand, the number of cases (lymphoma and cirrhosis) is relatively small, but despite that, the present study has the largest number of patients with both diseases than any other, since previously conducted studies included only case reports or case series with a maximum of two patients. Furthermore, the fact that all patients from our center with concomitant diseases in an 18-year period were included is to be noted, as the small sample size is due to the low frequency of the cases, which clearly supports the case-control methodology.
In conclusion, this study demonstrates that the clinical characteristics of patients with lymphoma and cirrhosis are similar to those with lymphoma, except for some changes inherent to cirrhosis and portal hypertension. Additionally, it may be possible to administer chemotherapy regimens in selected cirrhotic patients, regardless of their severity or even in decompensated patients, obtaining acceptable treatment outcomes (response to treatment and complications), always closely monitoring their toxicity.
[bookmark: OLE_LINK151][bookmark: OLE_LINK259][bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK205][bookmark: OLE_LINK206][bookmark: OLE_LINK244][bookmark: OLE_LINK245][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK316][bookmark: OLE_LINK332][bookmark: OLE_LINK521][bookmark: OLE_LINK403][bookmark: OLE_LINK560][bookmark: OLE_LINK839][bookmark: OLE_LINK625]
ARTICLE HIGHLIGHTS
Research background
A significant number of patients with liver cirrhosis concomitantly develop some type of solid or hematological cancer, including lymphoma. Treatment of patients with lymphoma and cirrhosis is challenging for physicians due to the clinical characteristics related to cirrhosis and lack of scientific evidence, limiting the use of chemotherapy. Currently, experts recommend only offering oncological treatment to patients with compensated cirrhosis and the best supportive care to those in a decompensated state.

Research motivation
The treatment of lymphomas in patients with cirrhosis is a difficult task, and even the involvement of a multidisciplinary team may still not be enough, considering the lack of published literature about clinical outcomes, the narrow therapeutic index of the drugs and the safety issues that are typical in these patients. A study that evaluates treatment with chemotherapy in patients with cirrhosis and lymphoma is necessary to address this knowledge gap.

Research objectives
To evaluate the clinical characteristics and treatment outcomes (type of chemotherapy regimen, response rate and complications derived from it, and survival) in patients with cirrhosis and lymphoma treated with chemotherapy to generate scientific evidence in this regard.

Research methods
This was a case-control study conducted at a tertiary care center in Mexico. Data was recorded from medical files from 2000 through 2018, and from 8658 possible candidates with cirrhosis and/or lymphoma, only 23 cases had both diseases concomitantly; 10 patients with cirrhosis and lymphoma (cases) met the selection criteria and were included, and 20 patients with lymphoma (controls) were included and matched according to age, sex, and date of diagnosis, type and clinical stage of lymphoma. All patients received treatment with chemotherapy. For statistical analysis, descriptive statistics, Shapiro-Wilk test, Mann-Whitney U test, chi-square test and Fisher's exact test were used. Survival was evaluated using Kaplan-Meier curves and the log-rank test.

Research results
There were differences in biochemical variables inherent to liver disease and portal hypertension in patients with cirrhosis. The most frequent etiology of cirrhosis was hepatitis C virus (50%); 80% were decompensated, the median Child-Turcotte-Pugh score was 7.5 (6.75-9.25), and mean Model for End-stage Liver Disease was 11.5 ± 4.50. Regarding lymphomas, non-Hodgkin's were the most common (90%), and diffuse large B cell subtype was the most frequent, with a higher International Prognostic Index in the cases (3 vs 2, P = 0.049). The chemotherapy regimens had to be adjusted more frequently in the case group (50% vs 5%, P = 0.009). The complications derived from chemotherapy were similar between both groups (80% vs 90%, P = 0.407); however, non-hematological toxicities were more common in the case group (30% vs 0%, P = 0.030). There was no difference in the response to treatment between groups. Survival was higher in the control group (56 wk vs 30 wk, P = 0.269), although it did not show statistical significance. This study included mainly decompensated patients with cirrhosis and lymphoma with acceptable treatment outcomes.

Research conclusions
The clinical characteristics of patients with lymphoma and cirrhosis are similar to those with lymphoma, except for some changes inherent to cirrhosis. It may be possible to administer chemotherapy in selected cirrhotic patients, regardless of their severity, obtaining satisfactory clinical outcomes.

Research perspectives
We propose that lymphoma treatment can be provided in patients with cirrhosis at any clinical state without neglecting their safety, although more prospective clinical trials are needed to generate stronger recommendations and better establish safety margins.
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Table 1 Baseline characteristics of the study population, n (%)
	General characteristics
	Cases (n = 10)
	Controls (n = 20)

	Female sex
	6 (60)
	12 (60)

	Age (yr)
	56 ± 14.2
	57 ± 12.9

	BMI (kg/m2)
	25.57 ± 3.44
	27.30 ± 7.57

	Lymphoma type
	
	

	
	Hodgkin lymphoma
	1 (10)
	2 (10)

	
	Non-Hodgkin lymphoma
	9 (90)
	18 (90)

	Laboratory data
	
	

	
	Hemoglobin (g/dL)
	12.13 ± 2.39
	11.97 ± 3.18

	
	Platelets (K/μL)
	166.60 ± 143.8a
	293.9 ± 157.6

	
	Leukocytes (K/μL)
	5.4 ± 1.79
	7.47 ± 3.79

	
	INR
	1.24 ± 0.19b
	1.0 ± 1.0

	
	Total bilirubin (mg/dL)
	1.74 ± 1.31a
	0.97 ± 0.75

	
	Direct bilirubin (mg/dL)
	0.76 ± 0.82a
	0.27 ± 0.34

	
	ALT (U/L)
	31.82 ± 33.30
	25.6 ± 13.35

	
	AST (U/L)
	48.50 ± 27.31a
	32.1 ± 16.52

	
	Alkaline phosphatase (U/L)
	210.40 ± 261.2
	136.40 ± 149.1

	
	Albumin (g/dL)
	2.78 ± 0.69
	3.3 ± 0.82

	
	Sodium (mmol/L)
	132 (130-138)
	137 (132-140)

	
	Creatinine (mg/dL)
	0.82 ± 0.21
	1.63 ± 2.25

	
	β-2 Microglobulin (g/dL)
	3.17 ± 1.39
	3.02 ± 3.08

	
	LDH (U/L)
	198.29 ± 119.81
	356.5 ± 304.86

	Comorbidities
	
	

	
	Obesity
	2 (20)
	6 (30)

	
	Dyslipidemia
	0 (0)
	4 (20)

	
	Diabetes mellitus
	3 (30)
	3 (15)

	
	Arterial hypertension
	2 (20)
	8 (40)

	
	Alcohol consumption
	3 (30)
	5 (25)

	
	Tobacco consumption
	5 (50)
	7 (35)

	
	Rheumatoid arthritis
	0 (0)
	2 (10)


Mean ± SD, median (p25-p75), absolute frequencies (%). aP < 0.05 vs controls, bP < 0.01 vs controls. BMI: Body mass index; INR: International normalized ratio; ALT: Alanine transaminase; AST: Aspartate transaminase; β-2 Microglobulin: Beta-2 microglobulin; LDH: Lactic dehydrogenase.


[bookmark: OLE_LINK725][bookmark: OLE_LINK726]Table 2 Characteristics of the population with liver cirrhosis, n (%)
	Characteristics of patients with cirrhosis
	Cases (n = 10)

	Etiologies of cirrhosis
	

	
	HCV
	5 (50)

	
	NAFLD
	2 (20)

	
	Alcohol
	1 (10)

	
	Autoimmune hepatitis
	1 (10)

	
	Cryptogenic
	1 (10)

	States of cirrhosis
	

	
	Compensated
	2 (20)

	
	Decompensated
	8 (80)

	Events of decompensation
	

	
	Jaundice
	1 (10)

	
	Variceal bleeding
	5 (50)

	
	Ascites
	6 (60)

	
	Spontaneous bacterial peritonitis
	1 (10)

	
	Encephalopathy
	1 (10)

	CTP score
	7.5 (6.75-9.25)

	
	CTP class A
	2 (20)

	
	CTP class B
	6 (60)

	
	CTP class C
	2 (20)

	MELD
	11.5 ± 4.50

	MELD-Na
	16.5 ± 5.12


Mean ± SD, median (p25-p75), absolute frequencies (%). HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease; CTP: Child-Turcotte-Pugh; MELD: Model for End-stage Liver Disease; MELD-Na: Model for End-stage Liver Disease sodium.


Table 3 Characteristics of the lymphoma cases, n (%)
	Characteristics of lymphomas
	Cases (n = 10)
	Controls (n = 20)

	Lymphoma type and subtypes
	
	

	Non-Hodgkin lymphoma
	9 (90)
	18 (90)

	
	Diffuse large B cell
	7 (70)
	17 (85)

	
	Follicular
	1 (10)
	0 (0)

	
	Others
	1 (10)
	1 (5)

	Hodgkin lymphoma
	1 (10)
	2 (10)

	
	Nodular sclerosis
	0 (0)
	1 (5)

	
	Lymphocyte predominant
	0 (0)
	1 (5)

	
	Lymphocyte depleted
	1 (10)
	0 (0)

	Clinical stages
	
	

	
	I
	1 (10)
	4 (20)

	
	II
	2 (20)
	3 (15)

	
	III
	1 (10)
	6 (30)

	
	IV
	6 (60)
	7 (35)

	
	Extra nodal involvement
	6 (60)
	9 (45)

	Prognostic scale
	
	

	
	IPI score
	3 (2.5-3)a
	2 (1-3)

	
	FLIPI score
	3
	-

	
	IPS score
	3
	2.5

	ECOG Performance Status
	2 (1-2.25)
	2 (1-2)

	B symptoms
	
	

	
	Fever
	3 (30)
	6 (30)

	
	Weight loss
	9 (90)
	11 (55)

	
	Nocturnal diaphoresis
	4 (40)
	6 (30)

	Helicobacter pylori
	3 (30)a
	0 (0)


Median (p25-p75), absolute frequencies (%). aP < 0.05 vs controls, bP < 0.01 vs controls. IPI: International Prognostic Index; FLIPI: Follicular Lymphoma International Prognostic Index; IPS: International Prognostic Score; ECOG: Eastern Cooperative Oncology Group scale of Performance Status.


Table 4 Type of chemotherapy and treatment outcomes, n (%)
	Chemotherapy
	Cases (n = 10)
	Controls (n = 20)

	Drugs
	
	

	
	Rituximab
	5 (50)
	9 (45)

	
	Cyclophosphamide
	8 (80)
	17 (85)

	
	Doxorubicin
	5 (50)
	15 (75)

	
	Vincristine
	8 (80)
	17 (85)

	
	Prednisone
	6 (60)
	17 (85)

	
	Bleomycin
	2 (20)
	3 (15)

	
	Dacarbazine
	1 (10)
	2 (10)

	
	Etoposide
	4 (40)
	3 (15)

	
	Vinblastine
	0 (0)
	2 (10)

	
	Methotrexate
	1 (10)
	4 (20)

	
	Ifosfamide
	2 (20)
	2 (10)

	
	Carboplatin
	2 (20)
	2 (10)

	
	Dexamethasone
	2 (20)
	1 (5)

	
	Others
	2 (20)
	4 (20)

	Chemotherapy adjustment
	5 (50)b
	1 (5)

	Radiotherapy
	1 (10)
	2 (10)

	Treatment response
	
	

	
	Complete response
	4 (40)
	10 (50)

	
	Partial response
	4 (40)
	9 (45)

	
	Stable disease
	2 (20)
	1 (5)

	
	Disease progression
	5 (50)
	5 (25)

	
	Relapse
	2 (20)
	3 (15)

	Complications
	8 (80)
	18 (90)

	
	Hematologic toxicity
	6 (60)
	18 (90)

	
	Gastrointestinal toxicity
	1 (10)
	0 (0)

	
	Renal toxicity
	1 (10)
	0 (0)

	
	Infectious toxicity
	1 (10)
	0 (0)

	Decompensating events
	1 (10)
	-

	Death
	7 (70)
	8 (40)


Absolute frequencies (%). aP < 0.05 vs controls, bP < 0.01 vs controls.


Table 5 Numerical data on the survival of the study population
	Population
	Mean

	Case group (wk)
	30.66 ± 30.05

	Control group (wk)
	56.46 ± 51.15

	Global (wk)
	44.56 ± 43.76


Mean ± SD.


[image: ]
Figure 1 Flowchart for patient inclusion in the study. Flowchart showing the inclusion criteria of patients in the control group (n = 20) and the case group (n = 10). We reviewed 8000 medical records of patients with cirrhosis, 23 of whom had a concomitant diagnosis of lymphoma and only 10 met the inclusion criteria for the study. Additionally, we reviewed 658 medical records of patients with lymphoma, of which 620 were possible control candidates, and only 20 were electronically randomized to maintain a 1:2 ratio of cases and controls.
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Figure 2 Kaplan-Meier survival curve. Kaplan-Meier curve showing survival in both groups during 140 wk of follow-up.
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