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ABSTRACT

Background: A high prevalence of hepatitis C virus (HCV) seropositivity is found in patients with B-cell
lymphoproliferative disorders. Many studies show improvement of lymphoid malignancies outcome with the use of anti
HCV treatment in patients with HCV infection and lymphoid malignancies especially indolent B cell lymphoma.
Objective: This study aimed to examine the hypothesis if sofosbuvir based direct-acting antivirals (DAAS) combination
could improve the outcome of patients with B cell lymphoid malignancies and HCV infection.

Patient and Methods: During the period from January 2017 to December 2019 all eligible patients diagnosed with B-
lymphoid malignancies presented at Sohag University Hospital and Sohag Cancer Institute were included in the study. HCV
positive patients were randomized to receive sofosbuvir based DAAs combination either concomitant with or after the end
of chemotherapy.

Results: Patients with HCV infection are more likely to have advanced stage disease (stage 3/4), extra-nodal presentation,
liver and BM infiltration. Disease free survival (DFS) and overall survival (OS) were better in the group that received
sofosbuvir DAAs combination after the end of chemotherapy treatment compared to the other groups (P = 0.000, 0.000
respectively) and was not different between patients who received sofosbuvir based combination concomitant with
chemotherapy and HCV negative B-lymphoid malignancies.

Conclusion: Sofosbuvir based DAAs combination improve the outcome of different types of lymphoid malignancies (DFS,
0S) in patients with HCV infection associated lymphoid malignancies especially when given after the end of chemotherapy.
Keywords: HCV, B-lymphoid malignancies, Sofosbuvir, Daclatasvir, DAASs.

INTRODUCTION NCI. lymphoid neoplasms collectively represent the 2"
HCV is RNA virus widely known for the most common malignancy (11.7%) 2™ only to breast
development of hepatitis and its hepatotropism. This virus cancer (21.8%) and followed by bladder (7.6%) and lung
is also a lymphotropic one because it has recently been (6.8%) cancer with NHL representing the most common
linked to some types of non-lymphoma Hodgkin's (NHL), type ©.
particularly B cell NHL @, The frequency of HCV chronic infection varies
Numerous studies have found that patients with B- significantly by region, with Egypt, Central Africa,
cell lymphoproliferative disorders, notably B-cell NHL, Mongolia, and Bolivia having the highest rates
have a high prevalence of HCV seropositivity. However, (approximately 10%) . The mechanism of HCV-
the evidence for a connection with T-cell lymphoma, induced lymphogenesis is not fully understood but
Hodgkin lymphoma, and plasma cell disorders is less indirect and direct mechanisms are suggested ®. Many
compelling @ 3, The association with B-cell NHL is studies shows that patients with HCV infection and
particularly evident in countries with a high prevalence of lymphoid malignancies usually presented with a higher
HCV infection. Egypt is one of the countries with a very stage, has a higher frequency of extra-nodal presentation
high incidence of both HCV infection and lymphoid and a lower response rate (RR), DFS and OS compared to
malignancies. Egypt is one of the few developing nations other patients with lymphoid malignancies without HCV
where hematopoietic malignancies are more common infection © 19 According to this it is reasonable to say
than average. More so than even the United States, Egypt that eradication of HCV infection in patients with
has one of the highest incidence rates of lymphoma in the lymphoid malignancies and infected with HCV will lead
world, specifically NHL @, to improvement of the lymphoid malignancy outcome.
According to the National Cancer Institute (NCI), In the past interferon alpha (IFNa) and pegylated
NHL accounts for 10.9% of all cancers in Egypt interferon (peg INF) plus minus ribavirin (RBV) were the
diagnosed every year representing the third most common standard treatment for HCV infection and many studies
malignancy in adult men and second most common one show improvement of lymphoid malignancies outcome
in women ©. The most prevalent subtype of NHL in with the use of these drugs in patient with HCV infection
Egypt is diffuse large B-cell lymphoma (DLBCL), which and lymphoid malignancies especially indolent B cell
represents about 49% of all NHL cases reported to the lymphoma and the lymphoid malighancy response was
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directly related to the viral response **®_Unfortunately,
these medications have a significant toxicity profile and a
weak virological response. In addition, rather than the
virological reaction, the haematological response may be
attributable to the direct antiproliferative effect of INF 9,

Recently, the approval of the new IFN-free antiviral
therapy with DAAs revolutionized the treatment of
chronic HCV infection by enabling achievement of SVR
rates that reached peaks of 100% in all viral genotypes
and, notably, with almost negligible toxicity ?%. DAAs
lacks the direct anti proliferative effect of interferon and
improvement of the lymphoid malignancies outcome with
these drugs would give a better prove for the association
between HCV infection and lymphoid malignancies ©9.
The goal of this study was to test the hypothesis if
sofosbuvir based DAAs combination can improve the
outcome (RR, DFS and OS) of the Ilymphoid
malignancies in patients with HCV positive lymphoid
malignancies.

PATIENTS AND METHODS

From January 2017 to December 2019, at Sohag
University Hospital and Sohag Cancer Institute, 174
patients diagnosed with different types of lymphoid
malignancies are included to the study according to
inclusion and exclusion criteria.

Inclusion criteria: Age between 18 and 70 years, all
types of NHL according to WHO classification, plasma
cell neoplasms, Hodgkin lymphoma (HL) and
performance status (PS 0-2).

Exclusion Criteria:

Children up to 17 wyears, age above 70 years,
decompensated liver cell failure and PS >2.

The most prevalent diagnosis was DLBCL (32.8 %)
followed by HL (31 %), chronic lymphocytic
leukemia/small lymphocytic lymphoma (CLL/SLL) (17.3
%), follicular lymphoma (FL) (8 %), mucosa associated
lymphoid tissue lymphoma (MALT) (4 %), multiple
myeloma (MM) (2.3%), splenic marginal zone lymphoma
(SMZL) (1.7%) and others (2.9%).

HCV serology and PCR were done for all patients, 28
patients were HCV positive and 146 were HCV negative.
Patients with HCV positive lymphoid malignancies were
randomized into 2 groups:

e Group A: It contained 15 patients who received
sofosbuvir-based combination concomitantly with
chemotherapy.

e Group B: It contained 13 patients who received
sofosbuvir-based combination after chemotherapy.

e Group C (control group): It contained 146 patients
with HCV negative at the time of  lymphoid
malignancy diagnosis.
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First-line chemotherapy protocols administered
according to the specific type of hematological
malignancy and all HCV PCR positive patients received
sofosbuvir/daclatasvir combination for 12 weeks either
concomitantly with chemotherapy (group A) or after the
end of chemotherapy (group B ) with sofosbuvir given at
a dose of 400 mg daily and daclatasvir at a dose of 60 mg
daily.

The lymphoid malignancy response determined
according to standardized response criteria ?Y, HCV
PCR determined sustained virological response (SVR) for
patients who received sofosbuvir/daclatasvir after 12
weeks antiviral therapy. Relapsed and primary refractory
cases received second set of chemotherapy according to
the specific type of hematological malignancy.

Routine labs assessed before each cycle and the
toxicity of treatment was assessed according to CTCAE
version 5 ),

All patients had followed up by clinical history,
examination, suitable lab investigations once every 4
months for the first 2 years post-treatment end, and every
6 months in the next 3 years, follow up images done every
6 months.

Ethical consent:

The Academic and Ethical Committee, Sohag
University approved the study. Every patient signed
an informed written consent for acceptance of the
treatment. This work has been carried out in
accordance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki) for
studies involving humans.

Statistical analysis

Statistical analysis was done using the statistical package
for social science (SPSS) software program. We used
SPSS for windows, version 20. Statistical methods
included descriptive methods as mean (M), standard
deviation (SD), frequency distribution, cross tabulation
and significance tests as Chi-square test (x?), which was
used to study the association between two qualitative
variables. Kaplan Meyer test was used for survival
comparison between deferent groups. Pearson correlation
test (r) was used for estimation of the correlation between
quantitative variables. The significance level was
accepted if the P value less than or equal 0.05.

RESULTS

Table (1) showed that patients with HCV infection (group
A & B) were more likely to have advanced stage disease
(stage 3/4) (group A 86.7%, group B 69.2%) compared to
patients with HCV negative lymphoid malignancies
(group C 50.7%). In addition, HCV positive patients were
more likely to have extranodal disease, liver and BM
infiltration.
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Parameter Group A Group B Group C P value
Sex [n (%0)] 0.980
Male 8 (53.3) 7 (53.8) 73 (50)
Female 7 (46.7) 6 (46.2) 73 (50)
Age (years) 0.813
Mean 56.2 55 45.25
Range 21-68 32-70 18-70
B-symptoms [n (%0)] 0.531
Present 6 (40) 2 (15.4) 45 (30.8)
Absent 9 (60) 11 (84.6) 101 (69.2)
Diagnosis [n (%0)] 0.008
DLBCL 6 (9.5) 4(6.4) 47 (74.6)
FL 2(11.1) 3(16.7) 9 (50)
HL 1(1.8) 0 (0.0) 53 (96.4)
MALT 0(0.0) 1(11.1) 6 (66.7)
MM 1 (20) 0 (0.0 3 (60)
CLL/SLL 3(7.7) 3(7.7) 24 (61.5)
SMZL 1(33.3) 1(33.3) 1(33.3)
OTHERS 1 (20) 1(20) 3 (60)
Stage [n (%0)] 0.012
1/2 2(13.3) 4 (30.8) 72 (49.3)
3/4 13 (86.7) 9 (69.2) 74 (50.7)
Extranodal disease [n (%0)] 0.090
NO 8 (53.3) 5(38.4) 97 (66.4)
1 site 4 (26.7) 5(38.4) 36 (24.7)
>1 site 3(20) 3(23.2) 13 (8.9)
Splenic infiltration [n (%)] 0.105
Present 3 (20) 2 (15.4) 11 (7.5)
absent 12 (80) 11 (84.6) 135 (92.5)
Liver infiltration [n (%0)] 0.031
Present 3 (20) 0(0) 6 (4.1)
absent 12 (80) 13 (100) 140 (95.2)
BM infiltration [n (%0)] 0.023
Present 1(6.7) 2 (15.4) 2 (1.4)
absent 14 (93.3) 11 (84.6) 144 (98.6)
Bulky disease [n (%0)] 0.464
Present 5(33.3) 4 (30.8) 35 (24)
absent 10 (66.7) 9 (69.2) 111 (76)

The response to 1% line chemotherapy was not significantly different between the 3 groups [(P = 0.245) (10/15 achieved CR
&PRingroup A (73.3 %), 12/13 in group B (92.3 %) and 124 /146 in group C (84.9 %)]. Two patients died during treatment
in group A (13.3 %), 5 patients in group C (3.4 %), and no death occurred during treatment in group B (table 2).

Table (2): response rate to first line chemotherapy

response Group A [n(%)] | GroupB [n(%)] | Group C[n (%)] P value
CR 9 (60) 11 (84.6) 97 (66.4) 0.245
PR 2 (13.3) 1(7.7) 27 (18.5) 0.245
SD 1(6.7) 0 (0.0) 8 (5.5 0.245
PD 1(6.7) 1(7.7) 9(6.2) 0.245
Died during treatment 2 (13.3) 0 (0.0) 534 0.245
Total 15 (100) 13 (100) 146 (100) 0.245
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As regards HCV response, all patients (100 %) in group A and B reach a SVR defined as undetectable level of HCV PCR
by week 12 after sofosbuvir /daclatasvir treatment. Analysis of the DFS for all groups showed a highly significant increase

(P=0.000) in DFS (mean 42.583 months) in group B compared to group A, and C (mean 23.800 months and 19.970 months
respectively) (Table 5 and figure 1).

Table (5): Disease free survival

. 95% confidence interval

Groups Estimated Mean SD Lower bound Upper bound P Value.
Group A 23.800 5.352 13.311 34.289 0.000
Group B 42.583 3.241 36.230 48.937 0.000
Group C 19.970 1.041 17.930 22.011 0.000
Over all 22.130 1.094 19.986 24.273 0.000

Figure (1): Disease free survival.

Patients in group B had the highest mean OS between the 3 groups (55.250 months) compared to 34.235 months for group
A and 31.241 months for group C (P = 0.000) (Table 6 & figure 2).
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Figure (2): overall survival.

Chemotherapy toxicity was not different between the 3 groups except an increase in G1/2 thrombocytopenia in patients
who received sofosbuvir either concomitant or sequential with chemotherapy (33.3 % for group A, 53.8% for group B
compared to 8.2% in group C, P = 0.000). Also, there was a G1/2 increase in the creatinine level in patients who received
sofosbuvir /daclatsvir concomitant with chemotherapy (26.7 % in group A compared to 0% and 1.4% in groups B and C
respectively, P=0.000). Patients who received sofosbuvir/daclatasvir concomitantly with chemotherapy (group A) have a
higher rate of G1/2 fatigue compared to other patients (group B and C), (60% for group A, 30% for group B and 24% for
group C, P=0.01).

Table (7): Toxicities:

Complication Group A [n (%0)] Group B [n (%)] | Group C[n (%)] | P value [n (%0)]
No 6 (40) 4 (30.8) 91 (62.3)
Anemia G1,2 7 (46.7) 9 (69.2) 49 (33.6) 0.089
G34 2 (13.3) 0 (0.0) 6 (4.1)
No 6 (40) 9 (69.2) 88 (60.3)
Neutropenia G1,2 5(33.3) 3(23.1) 46 (31.5) 0.385
G3,4 4 (26.7) 1(7.7) 12 (8.2)
No 9 (60) 6 (46.2) 130 (89)
Thrombocytopenia Gl,2 5(33.3) 7 (53.8) 12 (8.2) 0
G3,4 1(6.7) 0 (0.0) 4 (2.8)
No 14 (93.3) 10 (76.9) 138 (94.5)
Liver enzyme G1,2 0(0.0) 1(7.7) 5(3.4) 0.686
G3,4 1(6.7) 2 (15.4) 3(21)
L No 14 (93.3) 12 (92.3) 139 (95.2)
Bilirubin GL2 |1(6.7) 1(7.7) 7 (4.8) 0.864
No 11 (73.3) 13 (100) 144 (98.6)
Creat GL2 |4(@67) 0(0.0) 2(1.4) 0
No 9 ((60) 11 (84.6) 113 (77.4)
Vomiting Gl12 6 (40) 2(15.4) 33 (22.6) 0.107
G34 0 (0.0) 0 (0.0) 0 (0.0)
No 6 (40) 9 (69.2) 111 (76)
Fatigue G1,2 9 (60) 4 (30.8) 35 (24) 0.01
G34 0 (0.0) 0 (0.0) 0 (0.0)
No 13 (86.7) 13 (100) 138 (94.5)
FN Yes 2 (13.3) 0(0.0) 8 (5.5) 0.276
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DISCUSSION

In this study, we investigated the effect of
sofosbuvir/daclatasvir (a new interferon free DAAS
combination used widely in Egypt in the recent few years
for the eradication of chronic HCV infection) on the
outcome of different types of lymphoid malignancies in
patients with concurrent HCV infection and lymphoid
malignancies and if the timing of administration of these
drugs in relation to chemotherapy (either concomitant or
sequential) would give different outcomes.

It is well-known that different types of antiviral drugs
especially acyclovir is given frequently in association
with chemotherapy as a prophylactic antiviral in patient
who receive highly aggressive chemotherapy protocols
especially those with acute leukemia and during BMT
without serious side effects and the combination is well
tolerated but as regards sofosbuvir/daclatasvir ( a new
antiviral combination recently used ) the added toxicity of
giving these drugs concomitantly with chemotherapy was
not well known @, The dilemma of whether giving the
anti HCV with or after chemotherapy is also studied.

Theoretically, treatment with chemotherapy without any
anti HCV treatment will affect patient immunity and
would increase the viral load and affect the liver function
@4 and this already happened in our study in 2 patients
who developed marked G3/4 increase in liver enzymes
while on chemotherapy and we had to stop chemotherapy
which would affect lymphoma outcome, but upon start of
DAA:s (sofosbuvir/daclatasvir) liver enzymes normalized
within 1 week and DAAs continued concomitantly with
chemotherapy safely without added toxicity just mild
increase in G1/G2 fatigue.

As shown in table (1), patients with HCV positive
lymphoma had a higher rate of being diagnosed with stage
3-4 disease (86.7 % in group A , 69.2 % in group B
compared to 50.7 % in group C), extra nodal presentation
and hepatosplenic infiltration, a finding that was
confirmed in many previous studies 9.

Until now, only 7 studies examined the effect of
DAAs given concurrently with chemotherapy in patients
with different types of lymphoid malignancies and HCV
infection (table 8).

Table (8): DAAs therapy concomitant with chemotherapy in patients with lymphoid malignancies

Authors, Study Design | N. | Lymphoma | DDAs Chemotherap | Sustained | NHL Follow
Year Pts | Histology Therapy y N. (%) Virologic | Response | Up
Response | N. (%) (Mos.)
Carrier et | Case series 5 MZL: 3 (60) | SOF-based | Concomitant: 1 | 5 (100) CR:5 9-12
al., DLBCL: 2 regimen (20) (100);
2015 @ (40) After
chemotherapy:
2 (40)
Alric etal., | Prospective 10 | MZL: 6 (60) | SOF-based | Concomitant: 9 | 9 (90) CR:9(90) | 12
2016 @9 cohort DLBCL: 3 regimen (90) PR: 1 (10)
(30) Other: 1
(10)
Ewers et Case report 1 DLBCL SOF-based | Concomitant 1(100) CR NO
al., regimen
2016 @D
Persico et | Prospective 20 | DLBCL: 20 | SOF-based | Concomitant: | 20 (100) CR: 19 12
al., cohort (100) regimen: 20 (100) (95) PD: 1
2018 ?® 20 (100) (5)
Occhipinti | Case series 7 DLBCL: 7 SOF-based | Before DAA: 2 | 7 (100) CR:7(95) | 12
etal., 2019 (100) regimen: 7 | (29) PD: 1 (5)
29) (100) Concomitant: 5
(1)
Merli et al., | Retrospective | 47 | DLBCL: 45 | SOF-based | Before DAA: 45 (96) CR: 46 33.6
2019 @0 cohor (96) FL: 2 regimen: 38 (81) (98) PD: 1
4 47 (100) Concomitant: 9 2
(19)
Nesterova | Retrospective | 11 | FL SOF-based | Concomitant: | 9 (82) CR:9(82) | 32
E et comparative regimen: 11 (100) PD: 2 (18)
al.,2020 GV | study 11 (100)

MZL, marginal-zone lymphoma;

complete response; PR, partial response;

DLBCL, diffuse large B-cell lymphoma;
SD, stable hematological disease;
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In this study 15 patients (6 patients with DLBCL,
3 with CLL/SLL, 1 with SMZL, 2 with FL, 1 with HL, 1
with MM and 1 with lymphoblastic lymphoma) received
DAAs concomitant with chemotherapy (group A), 11
patients out of 15 patients (73.3 5%) achieved CR or PR
with 1% line chemotherapy. All patients (100%) had a
SVR at the end of the antiviral treatment. Also, 13
patients (4 with DLBCL, 3 patient with FL, 3 with
CLL/SLL,1 with SMZL, 1 with MALT lymphoma and 1
with MCL) received DAAs after the end of
chemotherapy (group B) 12/13 patients (92.3%)
achieved CR & PR with 1% line chemotherapy , all
patients (100%) had a SVR at the end of antiviral
treatment.

DISCUSSION

The RR to 1* line chemotherapy in groups A and
B was slightly lower than the previous results 539 but
was not statistically different between the 2 groups or
HCV negative lymphoid malignancies (group C 84.9 %)
(P= 0.245), and as old studies showed lower response
rate of HCV positive lymphoma compared to HCV
negative lymphoma @9, so it’s reasonable to say that
DAA:s plus chemotherapy given either concomitantly or
after the end of chemotherapy improved the outcome of
lymphoid malignancies (RR, DFS, OS) to be statistically
non significantly different from HCV negative lymphoid
malignancies compared to old literatures before the use
of DAAs. The slightly higher response rate in other
studies >3V in which sofosbuvir-based DAAs was given
concomitant with or after chemotherapy compared to our
study may be explained by the higher rate of low grade
lymphoma in some of these studies while in our study
53% in group A diagnosed with aggressive and highly
aggressive lymphoma (1 case with lymphaoblastic
lymphoma) and also 30.8% in group B diagnosed with
DLBCL (aggressive lymphoma). Also, these studies >
) combined patients who receive DAAs either
concomitantly or after chemotherapy, while in our study
the combined CR & PR in both group A and B was
82.14%. Another explanation may be the different HCV
genotypes prevalent in western countries than in Egypt,
which would affect the treatment results. Also, in these
studies different DAAs combinations are given
according to different genotypes while in our study only
one DAAs combination was given
(sofosbuvir/daclatasvir).

In our study, 2 patients from group A died during
treatment, 1 with febrile neutropenia after the 1% cycle
chemotherapy (65 years old male patient with highly
aggressive lymphoma) and the other patient died of
uncontrolled lymphoid malignancy (disease
progression). In both cases, the cause of death was
unrelated to DAAS, no patient died during the period of
chemotherapy or DAAs treatment in group B. The
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combination of chemotherapy and DAAs (sofosbuvir
and daclatasvir) was well tolerated with no serious acute
side effects, which is the same in the previous studies in
which DAAs was given concomitantly with
chemotherapy @539, Only slight increase in G1/2 fatigue
(P= 0.010), G1/2 increase in the serum creatinine (P=
0.000) and G1/2, G3/4 thrombocytopenia (P= 0.000).
Only 2 patients had febrile neutropenia (FN) (13.3 %, P=
0.276) which was not statistically different from the
other groups and the 13 living patients completed the
planned chemotherapy and antiviral drugs. More
importantly, there was no increase in liver toxicity (only
1 patient had G1/2 increase in total bilirubin and 1 patient
had G3/4 increase in liver enzymes), no added toxicity
was observed in group B except a slight increase in G1/2
thrombocytopenia compared to patients with HCV
negative lymphoid malignancies (group C).

This study was the first prospective comparative
study in Upper Egypt comparing DFS and OS between
patients with HCV positive and HCV negative lymphoid
malignancies and the first prospective randomized study
in Upper Egypt to evaluate if the timing of DAAs given
either concomitant or after the end of chemotherapy
would give different lymphoid malignancy outcomes.

During a median follow up period of 33.5 months,
the lymphoid malignancy outcome (median DFS and
0S) was highly significant for group B (P= 0.000),
which means that the highest DFS and OS was for
patients with lymphoid malignancies who were HCV
positive and received DAAs combination after the end of
chemotherapy and lymphoma resolution. This
observation might be explained by the higher prevalence
of low grade lymphoid malignancy in this group
(69.2%), longer median follow up period or the claim
that DAAs might have a role in the affection of cell
mediated immunity @23 but this explanation can’t be
confirmed in this study and actually even in group A
(patients who received DAAs concomitantly with
chemotherapy ) the lymphoid malignancy outcome (RR,
DFS and OS) was not statistically different from group
C (patients who have lymphoid malignancies and HCV
negative ), which is a marked improvement in the
outcome compared to the old literatures, which showed
lower RR , DFS and OS of the HCV positive lymphoid
malignancies in the period before DAAs approval.
Nesterova et al. @Y found a non-significant difference in
the outcome of 11 patients with FL and HCV infection
who received sofosbuvir-based combination
concomitant with immune-chemotherapy compared to
patients with FL without HCV infection, which is the
same in our study. The old studies demonstrated that the
HCV-positive vs HCV-negative FL patients had
significantly worse outcome (3-year OS 40% vs 90%, P
<.0001 and relapse-free survival 30% vs 60%, P = .006)
@, The only comparative study ©Y conducted to
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compare the outcome of HCV positive lymphoid
malignancies treated using DAAs concomitantly with
chemotherapy versus HCV negative lymphoid
malignancies had the same results as our study. Other
non-comparative studies mentioned an excellent
outcome using DAAs either concomitantly or after the
end of chemotherapy in HCV positive lymphoid
malignancies without adding serious toxicity 530,

It is observed in this study that the HCV PCR level
markedly increased at the end of chemotherapy if anti
HCV treatment delayed after the end of chemotherapy
(group B ) compared to group A but clinical liver
toxicity was only observed in 2 patients , this increase in
HCV PCR level didn’t affect HCV outcome as all patient
had SVR.

CONCLUSION

DAAs mainly sofosbuvir/daclatasvir improved the
outcome of different types of Ilymphoid malignancies
(RR, DFS, 0S) in patients with HCV infection
associated with lymphoid malignancies when given
either concomitant or after the end of chemotherapy to
be non-significantly different from HCV negative
lymphoid malignancies. The DFS and OS were
markedly improved even better than HCV negative
lymphoid malignancies when DAAs was given after the
end of chemotherapy.

Financial support and sponsorship: Nil.
Conflict of interest: Nil.

REFERENCES

1. Seyed A, Mohamed R, Kamran G et al. (2014):
Hepatitis-C infection incidence among the Non
Hodgkin-B cell Lymphoma patients. Iran J Cancer Prev.,
7:147-51.

2. Dal Maso L, Franceschi S (2006): Hepatitis C virus and
risk of lymphoma and other lymphoid neoplasms: a meta-
analysis of epidemiologic studies. Cancer Epidemiol
Biomarkers Prev., 15 (11): 2078-2085.

3. Musto P (2002): Hepatitis C virus infection and B-cell
non-Hodgkin’s lymphomas: more than a simple
association. Clin Lymphoma, 3 (3): 150- 160.

4. Freedman L (2006): National Cancer Institute, Middle
East Cancer Consortium. Cancer Incidence in Four
Member Countries (Cyprus, Egypt, Israel and Jordan) of
the Middle East Cancer Consortium (MECC) Compared
with US SEER., NIH Pub. No. 06-5873. Bethesda:
www.worldcat.org/title/1294108388.

5. El-Sayed L, Ghoneim H, Abdel Rahman M et
al. (2013): Prognostic value of FOXP3 and TGF-b
expression in both peripheral blood and lymph nodes in
patients with B-non Hodgkin’s lymphoma. Alex J Med.,
07: 253-265.

6. Abdelhamid T, Samra M, Ramadan H et al. (2011):
Clinical prognostic factors of diffuse large B cell non-

4683

Hodgkin lymphoma: a retrospective study. J Egypt Natl
Canc Inst., 23: 17-24.

7. Zaltron S, Spinetti A, Biasi L et al. (2012): Chronic HCV
infection: epidemiological and clinical relevance. BMC
Infect Dis., 12 (suppl 2): S2.

8. Couronne L, Bachy E, Roulland S et al. (2018): From
hepatitis C virus infection to B-cell lymphoma. Annals of
Oncology, 29: 92-100.

9. Vannata B, Zucca E (2014): Hepatitis C virus-associated
B-cell non-Hodgkin lymphomas. Hematology Am Soc
Hematol Educ Program, 1: 590-8.

10. Zhang M, Gao F, Peng L et al. (2021): Distinct clinical
features and prognostic factors of hepatitis C virus-
associated non-Hodgkin's lymphoma: a systematic review
and meta-analysis. Cancer Cell Int., 21 (1): 524.

11. Saadoun D, Suarez F, Lefrere F et al. (2005): Splenic
lymphoma with villous lymphocytes, associated with type
Il cryoglobulinemia and HCV infection: a new entity?
Blood, 105: 74-6.

12. Vallisa D, Bernuzzi P, Arcaini L et al. (2005): Role of
anti-hepatitis C virus (HCV) treatment in HCV-related,
low-grade, B-cell, non-Hodgkin's lymphoma: a
multicenter Italian experience. J Clin Oncol., 23: 468-73.

13. Mazzaro C, De Re V, Spina M et al. (2009): Pegylated-
interferon plus ribavirin for HCV-positive indolent non-
Hodgkin lymphomas. Br J Haematol., 145: 255-7.

14. Tasleem S, Sood G (2015): Hepatitis C Associated B-
cell Non-Hodgkin Lymphoma: Clinical Features and the
Role of Antiviral Therapy. J Clin Transl Hepatol., 3 (2):
134-9.

15. Saadoun D, Resche Rigon M, Sene D et al. (2010):
Rituximab plus Peg-interferon-alpha/ribavirin compared
with Peg-interferon-alpha/ribavirin in hepatitis C related
mixed cryoglobulinemia. Blood, 116: 326-34.

16. Pellicelli A, Marignani M, Zoli V et al. (2011): Hepatitis
C virus-related B cell subtypes in non-Hodgkin’s
lymphoma. World Journal of Hepatology, 3: 278-84.

17. Arcaini L, Vallisa D, Rattotti S et al. (2014): Antiviral
treatment in patients with indolent B-cell lymphomas
associated with HCV infection: A study of the fondazione
italiana linfomi. Ann Oncol., 25: 1404-1410.

18. Michot J, Canioni D, Driss H et al. (2015): Antiviral
therapy is associated with a better survival in patients with
hepatitis C virus and B-cell non-hodgkin lymphomas,
ANRS HC-13 lympho-C study. Am J Hematology, 90:
197-203.

19. loannou G, Green P, Berry K et al. (2019): Eradication
of hepatitis C virus is associated with reduction in
hematologic malignancies: Major differences between
interferon and direct-acting antivirals. Hepatol Commun.,
3:1124-1136.

20. Liang T, Ghany M (2014): Therapy of hepatitis C--back
to the future. N Engl J Med., 370: 2043-2047.

21. Cheson B, Horning S, Coiffier B et al. (1999): Report
of an international workshop to standardize response
criteria for non-Hodgkin’s lymphomas. NCI Sponsored
International Working Group. J Clin Oncol., 17: 1244—
1244,

22. Freites-Martinez A, Santana N, Arias-Santiago S et al.
(2021): Using the Common Terminology Criteria for



https://ejhm.journals.ekb.eg/

Adverse Events (CTCAE - Version 5.0) to Evaluate the
Severity of Adverse Events of Anticancer Therapies.
Actas Dermosifiliogr (Engl Ed), 112 (1): 90-92.

23. Sulkowski M, Gardiner D, Rodriguez-Torres M et al.
(2014): Daclatasvir plus sofosbuvir for previously treated
or untreated chronic HCV infection. N Engl J Med., 370:
211-221.

24, Ennishi D, Maeda Y, Niitsu N et al. (2010): Hepatic
toxicity and prognosis in hepatitis C virus infected
patients with diffuse large B-cell lymphoma treated with
rituximab-containing  chemotherapy  regimens: A
Japanese multicenter analysis. Blood, 116: 5119-5125.

25. Carrier P, Jaccard A, Jacques J et al. (2015): HCV-
associated B-cell non-Hodgkin lymphomas and new
direct antiviral agents. Liver Int., 35: 2222—-2227.

26. Alric L, Besson C, Lapidus N et al. (2016): Antiviral
treatment of HCV-infected patients with B-Cell non-
Hodgkin lymphoma: ANRS HC-13 Lympho-C Study.
PLoS ONE, 11 (10): e0162965.

27. Ewers E, Shah P, Carmichael M et al. (2016):
Concurrent  systemic  chemoimmunotherapy  and
sofosbuvir-based antiviral treatment in a hepatitis C virus-
infected patient with diffuse large B-cell lymphoma. Open
Forum Infect Dis., 3 (4): ofw223.

28. Persico M, Aglitti A, Caruso R et al. (2018): Efficacy
and safety of new direct antiviral agents in hepatitis C
virus-infected patients with diffuse large B-cell non-
Hodgkin’s lymphoma. Hepatology, 67: 48—55.

4684

29. Occhipinti V, Farina L, Vigano M et al. (2019):
Concomitant therapy with direct-acting antivirals and
chemoimmunotherapy in HCV-associated diffuse large
B-cell lymphoma. Dig. Liver Dis., 51: 719-723.

30. Merli M, Frigeni M, Alric L et al. (2019): Direct acting
antivirals in hepatitis C virus-associated diffuse large B-
cell lymphomas. Oncologist, 24: e720—729.

31. Nesterova E, Tanaschuk E, Abdurakhmanov D et al.
(2020): Safe and effective treatment of follicular
lymphoma in patients with HCV-infection. Hematol
Oncol., 38 (4): 604-606.

32. Langhans B, Nischalke H, Kramer B et al. (2017):
Increased peripheral CD4+ regulatory T cells persist after
successful direct-acting antiviral treatment of chronic
hepatitis C. J Hepatol., 66: 888-896.

33. Reig M, Boix L, Marifio Z et al. (2017): Liver cancer
emergence associated with antiviral treatment: An
immune surveillance failure? Semin Liver Dis., 37: 109-
118.

34. Villani R, Facciorusso A, Bellanti F et al. (2016): DAAs
rapidly reduce inflammation but increase serum VEGF
level: A rationale for tumor risk during anti-HCV
treatment. PL0oS One, 11 (12): e0167934.

35. Shimono J, Miyoshi H, Kato T et al. (2018): Hepatitis
C virus infection is an independent prognostic factor in
follicular lymphoma. Oncotarget., 9 (2): 1717-1725.



