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 Introduction 

 R-CHOP therapy is the standard first-line treatment 
for B-cell lymphoma  [1–3] . In Japan, R-CHOP therapy is 
confined to the standard first-line treatment for diffuse 
large B-cell lymphoma (DLBCL). However, the standard 
first-line treatment for follicular lymphoma (FL) has not 
been determined, although R-CHOP or R-COP therapy 
is often conventionally used. CHOP therapy comprises 
cytotoxic drugs, namely cyclophosphamide, doxorubi-
cin, vincristine, and prednisolone (steroid); R-CHOP 
therapy includes rituximab with the abovementioned 
drugs. Rituximab is a chimeric monoclonal antibody 
against CD20 and exerts antineoplastic effects by produc-
ing antibody-dependent cellular cytotoxicity, particularly 
by inducing complement-dependent cytotoxicity  [4, 5] . 
In a previous study, R-CHOP therapy significantly pro-
longed time to treatment failure as well as overall surviv-
al among patients with symptomatic, advanced-stage FL 
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 Abstract 

  Objective:  To assess the immunosuppressive effect of R-
CHOP in patients with B-cell lymphoma at 2 years.  Methods:  
Parameters of humoral and cell-mediated immunity were as-
sessed in 89 patients with diffuse large B-cell lymphoma or 
follicular lymphoma before and after 6–8 cycles of R-CHOP-14 
or R-CHOP-21 regimen.  Results:  Data on pre- and posttreat-
ment serum IgG (sIgG) levels were available for all 89 pa-
tients, while the corresponding data on serum CD20+, CD3+, 
CD4+, and CD8+ lymphocyte counts were available in only 
43. Median sIgG levels significantly decreased from 1,221 
mg/dl (baseline) to 733 mg/dl (after chemotherapy) (p < 
0.001). Although CD20+ and CD4+ cell counts decreased
(p < 0.001), no significant effect of chemotherapy on CD3+ 
and CD8+ cell counts was observed. CD20+ cell counts were 
restored to baseline levels at the 12-month follow-up. sIgG 
levels and CD4+ cell counts were not completely restored at 
24 months, indicating a sustained immunosuppressive effect 
of R-CHOP in these patients. The incidence of infections over 
the 2-year period was 16.3–23.6%.  Conclusion:  The immuno-
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compared with CHOP therapy  [6] . In a subsequent study, 
R-CHOP therapy significantly increased the rates of com-
plete responses, decreased the rates of treatment failure 
and relapse, and improved event-free and overall surviv-
al of elderly patients with newly diagnosed DLBCL com-
pared with CHOP therapy  [7] . Moreover, R-CHOP ther-
apy was reportedly effective in patients with non-Hodg-
kin’s lymphoma, and it is recognized as the standard 
treatment for B-cell lymphoma  [8, 9] . 

  In previous studies  [10, 11] , B cells were reconstituted 
after rituximab monotherapy, whereas B cell count was 
rapidly depleted and slowly recovered over 3–6 months 
and required approximately 1 year for complete restora-
tion. In contrast, rituximab monotherapy did not have
a significant effect on CD3+, CD4+, and CD8+ T-cell 
counts. In agreement, an immunological study showed 
that circulating B cells disappeared early after rituximab 
monotherapy, whereas T-helper cells (CD3+/CD4+), T-
suppressor cells (CD3+/CD8+), and NK cell count re-
mained stable  [12–15] . Although the influence of ritux-
imab monotherapy on immune system restoration have 
been examined in several studies, only few studies have 
described the influence of R-CHOP therapy on immune 
system restoration.

  Nonetheless, Kurokawa et al.  [16]  reported the recov-
ery of B-cells over 1 year and CD4+ T-cells and immuno-
globulin over 2 years after the chemotherapy in patients 
with B-cell lymphoma who received R-CHOP-like regi-
men (cyclophosphamide, 750 mg/m 2  on day 1; pirarubi-
cin, 50 mg/m 2  on day 1; vincristine, 1.4–2 mg on day 1; 
prednisolone, 100 mg/body on days 1–5; and rituximab 
375 mg/m 2  administered before each of the cycles). More-
over, no previous studies reported the immune function 
restoration for 2 years after R-CHOP therapy. Thus, we 
conducted a retrospective study where the influence of 
R-CHOP therapy was investigated after 2 years on im-
mune system restoration and infection rate in patients 
with B-cell lymphoma. 

  Subjects and Methods 

 Patients who received 6–8 cycles of R-CHOP or R-COP regi-
mens as initial treatments for DLBCL or FL were recruited between 
April 2004 and April 2011 from the Fujita Health University Hos-
pital. Patients received 375 mg/m 2  rituximab on day 1 of CHOP 
therapy comprising 750 mg/m 2  cyclophosphamide, 50 mg/m 2  
doxorubicin, and 1.4 mg/m 2  vincristine on day 1, and 50 mg/m 2  or 
100 mg prednisolone on days 1–5 of 14- or 21-day cycles. Patients 
who were treated with rituximab monotherapy were not included, 
and doses of cyclophosphamide, doxorubicin, vincristine, and 
prednisolone were reduced by 20% in patients aged >70 years. Reg-

ular clinical observations were continued for over 2 years, and im-
mune function was assessed according to CD4+, CD8+, and 
CD20+ lymphocyte counts using a Cytomics FC500 (Beckman 
Coulter Inc., Calif., USA), and serum IgG (sIgG) levels were deter-
mined using a JCA-BM6010 (JEOL Ltd., Tokyo, Japan). For mea-
surement of lymphocyte counts, we used an FITC-labeled CD4 
murine monoclonal IgG antibody fraction, a PE-labeled CD8 mu-
rine monoclonal IgG antibody fraction, and a PE-labeled CD20 
murine monoclonal IgG antibody fraction (Beckman Coulter). 
Polyclonal rabbit anti-human IgG/FITC rabbit F(ab ′ )2 Code 
F0185 (Dako Denmark A/S, Denmark) were used for measure-
ment of sIgG levels.

  Kinetic data were collected before and after the projected cycles 
of R-CHOP therapy and at 3, 6, 9, 12, 15, 18, 21, and 24 months 
after the completion of treatment. Only follow-up samples that 
were collected within 1 month of each defined time point were 
used in analyses, and the number of patients included is presented 
for each time point. Immunological parameters were determined 
before and after the cycles of R-CHOP therapy and at 6, 12, 18, and 
24 months after the completion of the treatment. Only follow-up 
samples that were collected within 2 months of each time point 
were included in the analyses. The present retrospective investiga-
tion was approved by the Institutional Review Board of the Fujita 
Health University School of Medicine and conformed to the provi-
sions of the 1964 Declaration of Helsinki and its later amendments 
or comparable ethical standards. There was a limitation in gather-
ing information because this study involved a retrospective inves-
tigation. We confirmed the tolerance level and gathered informa-
tion on the condition, which was constant.

  Statistical Analysis 
 Data are expressed as medians (first quartile–third quartile), 

and differences in lymphocyte subset counts and sIgG levels before 
and after chemotherapy were identified using the Wilcoxon 
signed-rank test. Pairwise differences in laboratory parameters 
were identified using the Mann-Whitney U test, and multiple 
comparisons were performed using the Kruskal-Wallis test. Effec-
tive ratios at each time point were compared using the χ 2  test. Data 
expressed as percentages were assessed by the χ 2  test. Univariate 
analysis was performed to identify risk factors. Variables with a 
significance level of <20% were included in the multivariate logis-
tic regression model. The Hosmer-Lemeshow statistical test was 
used to verify goodness of fit of the developed model. Statistical 
analyses were conducted using SPSS v22.0 (IBM Corporation, Ar-
monk, N.Y., USA), and differences were considered significant at 
a p value of <0.05.

  Results 

 Baseline Characteristics 
 We investigated the kinetic data of sIgG levels in 89 

patients and of lymphocyte count in 43 of those patients; 
no pairwise differences between the groups in terms of 
the baseline data for the abovementioned investigations 
were found ( table 1 ).
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  Immune Function before and after Chemotherapy 
 Humoral (sIgG level) and cellular immune parameters 

(CD20+, CD3+, CD4+, and CD8+ cell counts as well as 
CD4+/8+ ratios) were determined before and after che-
motherapy and at 3, 6, 9, 12, 15, 18, 21, and 24 months 
(±1 month) after the completion of chemotherapy. In 
these analyses ( fig. 1 ), median sIgG levels significantly de-
creased (40%) from 1,214 mg/dl before to 733 mg/dl after 
chemotherapy (p < 0.001). However, sIgG levels were sig-
nificantly recovered after 3 months ( fig. 1 ).

  The median baseline CD20+ cell count was 144/μl and 
decreased rapidly to 0/μl after chemotherapy completion 
(p < 0.001;  fig. 1 ). Subsequently, CD20+ cell counts re-
mained low for 6 months and then recovered to approxi-
mately 85.7% of baseline levels at 1 year and to 100% at 2 
years after chemotherapy. In contrast, CD3+ lymphocyte 
counts did not decrease following chemotherapy (p = 
0.126,  fig. 2 ), although CD4+ cell counts decreased from 
590/μl at baseline to 239/μl after chemotherapy (p < 
0.001), representing a 40.5% decrease in median CD4+ 
cell counts. CD8+ cell counts after chemotherapy ( fig. 2 ) 
did not differ from those at baseline (p = 0.207). The me-

dian baseline CD4+/8+ ratio was 1.78 and was signifi-
cantly decreased to 0.80 (p < 0.001) after chemotherapy 
and remained low for the subsequent 2 years. 

  Restoration of sIgG Levels and CD4+ Cell Counts after 
Chemotherapy 
 Both sIgG levels and CD4+ cell counts were signifi-

cantly decreased after chemotherapy and did not return 
to baseline values at 6, 12, 18, and 24 months (±2 months) 
after chemotherapy. However, baseline slgG levels ( ta-
ble 2 ) did not differ between the four time points, and the 
percentages of baseline slgG levels slightly increased over 
the study period. CD4+ cell counts at follow-up were ex-
pressed as percentages of baseline counts in  table 3  and 
did not differ between follow-up time points. The restora-
tion of sIgG levels and CD4+ cell counts did not differ 
between the patient groups aged >70 years and  ≤ 70 years 
at 6 and 24 months (data not shown).

  Restoration Rates 
 Percentages of patients with 70% or 90% restoration of 

baseline sIgG levels and CD4+ cell counts were calculated 

 Table 1.  Patient characteristics at baseline

sIgG 
(n = 89)

Lymphocyte subsets 
(n = 43)

p value

Age, years 65 (57 – 74) 65 (57 – 74) 0.82
Male gender, % 53.9 53.4 0.96
sIgG, mg/dl 1,214 (1,021 – 1,450) 1,187 (1,031 – 1,419) 0.84
Lymphocyte subsets

CD20+ cell counts, /μl – 144 (67 – 289)
CD3+ cell counts, /μl – 941 (637 – 1,196)
CD4+ cell counts, /μl – 590 (303 – 786)
CD8+ cell counts, /μl – 302 (186 – 464)
CD4+/8+ ratio – 1.78 (1.28 – 2.55)

Pathology 0.69
DLBCL 61 28
FL 28 15

Grade 1, 2, 3 10, 12, 6 7, 6, 2
Ann Arbor stage I, II, III, IV 26, 22, 20, 21 15, 13, 6, 9 0.62
Chemotherapy 0.63

R-CHOP-14 × 6 times 55 23
R-CHOP-21 × 6 12 4
R-CHOP-21 × 8 3 3
R-CHOP-21 × 4 after R-COP-21 × 4 10 8
Others 9 5

Doses of rituximab, n 6 (6 – 8) 7 (6 – 8) 0.054

 Variables that do not follow a normal distribution are expressed as median (interquartile range). IFRT = 
Involved-field radiation therapy.
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( table 4 ). The percentages of patients with 70% and 90% 
CD4+ cell count restoration rates did not differ between 
the 6- and 24-month time points, whereas the percent-
ages of patients with restored sIgG levels were significant-
ly greater at 24 months than at 6 months. Specifically, 70% 
recovery rates of sIgG levels from baseline increased over 
time, and at 24 months, 85.2 and 51.9% of the present pa-
tients achieved 70 and 90% restoration of sIgG, respec-
tively. No patients developed hypogammaglobulinemia 
at 24 months. To explore the risk factors which cannot 

achieve 70% restoration of baseline sIgG levels, univariate 
analysis was performed to identify risk factors, and vari-
ables with a significance level of <20% were included in 
the multivariate logistic regression model. Multivariate 
logistic regression analysis did not demonstrate an asso-
ciation with the aforementioned parameters (data not 
shown). Additionally, 90% restoration of baseline sIgG 
levels and 70 or 90% restoration of baseline CD4+ cell 
counts did not demonstrate an association either (data 
not shown).
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  Fig. 1.  Kinetics of sIgG level and CD20+ 
cell count in peripheral blood. The data 
were obtained before and after chemother-
apy, and at 3, 6, 9, 12, 15, 18, 21, and 24 
months (±1 month) after chemotherapy 
completion. Data are expressed as medi-
ans. 
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  Fig. 2.  Kinetics of each lymphocyte subset 
(CD3+, CD4+, and CD8+) cell count in pe-
ripheral blood. The data were obtained be-
fore and after chemotherapy, and at 3, 6, 9, 
12, 15, 18, 21, and 24 months (±1 month) 
after chemotherapy completion. Data are 
expressed as medians. 

http://dx.doi.org/10.1159%2F000449251


 Ito    et al.
 

Oncology 2016;91:302–310
DOI: 10.1159/000449251

306

 Table 2. sIgG levels

Period after 
chemotherapy

Patients  sIgG at baseline/afte r 
chemotherapy, mg/dl

% of baseline p valuea 

6 months 55 1,183 (1,031 – 1,397)/913 (748 – 1,048) 77.0 (62.8 – 91.6) <0.001

12 months 58 1,226 (1,021 – 1,407)/990 (798 – 1,226) 82.7 (68.9 – 95.0) <0.001

18 months 38 1,185 (1,031 – 1,420)/1,026 (824 – 1,259) 85.6 (73.4 – 95.2) <0.001

24 months 24 1,205 (1,094 – 1,341)/1,049 (907 – 1,400) 94.7 (74.3 – 104.2) 0.027

p valueb 0.993/0.081 0.085

The data were obtained before chemotherapy and at 6, 12, 18, and 24 months (±2 months) after chemotherapy 
completion. All data are expressed as median (first quartile–third quartile). % of baseline = Baseline divided by 
After chemotherapy × 100. a Wilcoxon signed-rank test. b Kruskal-Wallis test.

 Table 3. CD4+ cell counts

Period after 
chemotherapy

Patients CD4+ cell counts at baseline/after 
chemotherapy, /μl

% of baseline p valuea 

6 months 26 603 (329 – 777)/333 (255 – 495) 60.1 (49.5 – 83.7) 0.001

12 months 29 544 (281 – 777)/410 (256 – 595) 66.2 (47.8 – 129.9) 0.037

18 months 25 544 (230 – 777)/465 (193 – 535) 73.0 (51.2 – 123.2) 0.045

24 months 22 669 (298 – 923)/403 (284 – 585) 72.9 (52.8 – 115.3) 0.038

p valueb 0.811/0.741 0.575

The data were obtained before chemotherapy and at 6, 12, 18, and 24 months (±2 months) after chemotherapy 
completion. All data were expressed in a form of median (first quartile–third quartile). % of baseline = Baseline 
divided by After chemotherapy × 100. a Wilcoxon signed-rank test. b Kruskal-Wallis test.

 Table 4. Percentage of patients with 70 or 90% restoration of baseline sIgG level or CD4+ cell count

sIgG level CD4+ cell count

6 M (n = 55) 24 M (n = 24) p value 6 M (n = 26) 24 M (n = 22) p value

70% restoration 60.0% 85.2% 0.021 42.3% 63.6% 0.141
90% restoration 27.3% 51.9% 0.029 23.1% 45.5% 0.101

The data were obtained at 6 and 24 months (±2 months) after chemotherapy completion. Data are expressed 
as the percentage of population.
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  Infectious Complications 
 The number of patients who suffered infections be-

tween starting chemotherapy and the last follow-up was 
counted ( table 5 ). The rate of infection during chemo-
therapy was 30.3–32.6%, and the rate of infection during 
the observation period was 16.3–23.6%.

  The rate of infection in the subgroup with  ≥ 70% of 
baseline sIgG levels was 26.1% during chemotherapy and 
47.8% during the observation period. The corresponding 
rate in the subgroup with <70% of baseline sIgG levels was 
25.0 and 75.0%, respectively. In both groups, no signifi-
cant differences were observed between the rates of infec-
tion during chemotherapy and that during the observa-
tion period (p = 0.56, 0.64, respectively). Similarly, no sig-
nificant differences were observed between the group 
with  ≥ 90% of baseline sIgG levels and that with <90% of 
baseline sIgG levels (data not shown).

  The rate of infection in the subgroup with  ≥ 70% of 
baseline CD4+ cell counts was 8.3% during chemothera-
py and 25.0% during observation. The corresponding 
rates of infection in the group with <70% of baseline 
CD4+ cell counts were 30.0 and 50.0%, respectively. In-
fection rates in the group with <70% of baseline CD4+ cell 
counts were higher (both during chemotherapy and ob-
servation period) than those in the group with  ≥ 70% of 
baseline CD4+ cell counts. However, the between-group 
difference was not statistically significant (p = 0.45, 0.44). 
Similarly, no significant differences were observed when 
we compared the patients with  ≥ 90% of baseline CD4+ 
cell counts and those with <90% of baseline CD4+ cell 
counts (data not shown).

  Discussion 

 In this study, we evaluated the effects of R-CHOP ther-
apy on humoral and cell-mediated immunity in patients 
with newly diagnosed B-cell lymphoma of either DLBCL 
or FL. Our findings revealed marked decreases in sIgG 
levels and CD4+ counts immediately after treatment and 
subsequent restoration over 2 years. However, the resto-
ration rates of CD4+ counts (indicative of cell-mediated 
immunity) were less than those of sIgG levels (indicative 
of humoral immunity).

  Previously, Kurokawa et al.  [16]  reported the effects of 
CHOP-based chemotherapy containing rituximab on 
immune function in 66 patients with newly diagnosed 
malignant lymphoma. However, 21 patients (31.8%) were 
aged at least 70 years, and some patients received THP-
CHOP therapy, in which doxorubicin was replaced with 
tetrahydropyranyl adriamycin. Hence, their study results 
were not solely reflective of R-CHOP therapy and may, 
thus, lack consistency with the results of the present study; 
in addition, the immunological effects of tetrahydropy-
ranyl adriamycin remain uncharacterized. In contrast, to 
ensure the homogeneity of treatments in the present 
study, elderly patients aged  ≥ 70 years received 20% re-
duced dosages of anticancer drugs. In addition, the re-
duced dosages of anticancer drugs did not influence the 
restoration of sIgG levels and CD4+ cell counts at 6 and 
24 months. The generally lower immunity in older people 
is a plausible explanation, although further investigation 
is necessary to arrive at a definitive conclusion. Nonethe-
less, in agreement with Kurokawa et al.  [16] , gradual re-

 Table 5. Infectious complications between the start of chemotherapy and the last follow-up

sIgG (n = 89) Lymphocyte subsets (n = 43)

during 
chemotherapy

during 
observation

during 
chemotherapy

during 
observation

Cytomegalovirus 0 0 0 0 
Pneumocystis pneumonia 0 2 (2.2) 0 0 
Herpes simplex virus 5 (5.6) 3 (3.4) 4 (9.3) 3 (7.0)
Herpes zoster virus 2 (2.2) 3 (3.4) 3 (7.0) 1 (2.3)
Hepatitis B virus reactivation 0 0 0 0 
Candida 4 (4.5) 2 (2.2) 4 (9.3) 2 (4.7)
Febrile neutropenia 6 (6.7) 1 (1.1) 3 (7.0) 0 
Other infections 10 (11.2) 10 (11.2) 0 1 (2.3)

Total 27 (30.3) 21 (23.6) 14 (32.6) 7 (16.3)

Values indicate n (%) of patients affected.

http://dx.doi.org/10.1159%2F000449251


 Ito    et al.
 

Oncology 2016;91:302–310
DOI: 10.1159/000449251

308

covery of sIgG levels and CD4+ counts were observed 
over 2 years; the restoration rates of sIgG and CD4+ cells 
at 6, 12, and 18 months after treatment confirmed time-
dependent recovery of these immune functions following 
R-CHOP therapy.

  Moreover, although the 70% recovery rates of sIgG 
levels from baseline increased at 6 and 24 months, CD4+ 
counts were not improved. Kurokawa et al.  [16]  did not 
directly compare two variables in their study but reported 
a mean sIgG restoration rate of 93.9% at 2-year follow-up. 
Although the present data lack sufficient distribution 
normality for comparisons with previous studies, a sub-
analysis revealed considerably greater rates of 70% sIgG 
restoration than 90% restoration after 2 years. These anal-
yses indicate that humoral and cell-mediated immunity 
have little probability of being fully recovered to baseline 
at 2 years following R-CHOP therapy in patients with 
newly diagnosed malignant lymphoma. On the other 
hand, the infectious complication rate was unexpectedly 
low at 16.3–23.6% in the observation period, whereas it 
was high for chemotherapy at 30.3–32.6%. The reason for 
this discrepancy was expected to be that a follow-up sur-
vey provides insufficient information because the obser-
vation period was just over 2 years. However, the infec-
tious complication rate was not at all low. In patients at 
an increased risk of infectious diseases in particular, sIgG 
levels and CD4+ counts should be regularly monitored, 
or prophylactic antibiotics should be used.

  This retrospective analysis was limited to a small sam-
ple size (89 patients), reflecting a small number of pa-
tients who completed all measurements at several time 
points before and after treatment. Accordingly, the num-
bers of sIgG measurements differed from the estimates of 
lymphocyte cell numbers. However, no differences in age 
were identified between treatment groups, and all the in-
cluded pharmacokinetic data were collected within ±1 
month of designated time points. Nonetheless, percent-
age changes were calculated from data that were collected 
within ±2 months of baseline and at 24 months, allowing 
inclusion of a greater number of patients. Furthermore, 
baseline characteristics of patients showed much diver-
sity, which may have impacted on the analysis. However, 
on multivariate analysis, we were able to account for base-
line differences to some extent. On subgroup analyses of 
infection rates, no significant difference was observed in 
infection rates between patients with  ≥ 70% of baseline 
sIgG levels (or  ≥ 70% of baseline CD4+ cell counts) and 
those with <70% of baseline sIgG levels (or < 70% of base-
line CD4+ cell counts, respectively). Out of 89 cases, com-
plete data on IgG levels and CD4+ cell counts up to 24 

months was available only for 24 and 22 cases, respec-
tively. In addition, the relatively short follow-up period 
did not allow for meaningful estimates of the effect on 
overall survival and progression-free survival. The effect 
of R-CHOP therapy on survival requires an additional 
study with a longer duration of follow-up. Lastly, we did 
not investigate the effects of R-CHOP therapy on the im-
mune system components other than IgG, B cells, and T 
cells. We believe that we need to investigate changes in 
other immune cells, such as NK cells, in future studies.

  Several studies report the effects of rituximab mono-
therapy on immune parameters. In particular, Maloney 
et al.  [10]  examined the effect of rituximab monotherapy 
in 20 patients with relapsed B-cell lymphoma and report-
ed no effects on mean CD3+, CD4+, and CD8+ cell counts 
or sIgG levels, although sIgG levels were reportedly de-
creased by  ≥ 20% in 2 patients. Similarly, Anolik et al.  [17]  
investigated the restoration of B cell numbers after ritux-
imab monotherapy for non-Hodgkin lymphoma and re-
ported sustained increases in percentages of transitional 
B cells and very slow increases in the number of memory 
B cells, which remained at very low levels even at 1 year 
after rituximab treatment. In three consecutive sponsor-
initiated clinical trials of rituximab monotherapies in Jap-
anese patients with relapsed or refractory B-cell lympho-
ma, weekly treatments with rituximab for 4 or 8 weeks led 
to no significant decreases in mean sIgG levels. Ghielmi-
ni et al.  [14]  found that prolonged treatment with ritux-
imab monotherapy for FL induces the persistent deple-
tion of B cells and progressive reduction of serum IgM 
levels. Hence, the effect of rituximab alone on the restora-
tion of immunity after treatment remains unknown. On 
the other hand, multiple chemotherapy for initial or re-
lapsed B-cell lymphoma was reportedly complicated by 
hypogammaglobulinemia, implying a clinical role for 
rituximab  [18–21] . Among the cytotoxic agents of R-
CHOP, cyclophosphamide and doxorubicin have well-
documented detrimental effects on immunoglobulins 
and lymphocytes. However, the effects of rituximab in 
R-CHOP therapy on immune function remain unknown. 
Moreover, hypogammaglobulinemia has been reported 
in patients with autoimmune diseases following ritux-
imab monotherapy  [22, 23] . Ricardo et al.  [24]  also com-
pared treatments for chronic lymphocytic leukemia and 
indolent non-Hodgkin lymphomas, and showed that R-B 
therapy decreased CD4+ and CD8+ cell counts to a great-
er extent than R-CHOP therapy. In a recent study involv-
ing only a small number of patients with refractory or 
relapsed FL and mantle cell lymphoma, both CD4+ 
counts and sIgG levels did not completely recover at 1 
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year after R-B therapy  [25] . Gafter-Gvili and Polliack  [26]  
described that myelosuppression including lymphopenia 
occurs relatively frequently after R-B therapy and results 
in secondary hypogammaglobulinemia. In Japan, R-B 
therapy is not accepted as the standard first-line treat-
ment for B-cell lymphoma. Therefore, direct compari-
sons between the aforementioned and the present studies 
were precluded by differing methodological approaches, 
and more rigorous comparisons with other chemothera-
pies are warranted. Thus, further studies are required to 
quantify the immunological effects of rituximab in R-
CHOP therapy using direct comparisons with CHOP 
therapy.

  Suppression of humoral and cell-mediated immunity 
tends to persist for >2 years after R-CHOP therapy in pa-
tients with newly diagnosed B-cell lymphoma, although 
sIgG levels were restored more quickly than CD4+ counts. 

These findings suggest that in patients at increased risk of 
infectious disease in particular, sIgG levels and CD4+ 
counts should be regularly monitored for >2 years after 
R-CHOP therapy, or prophylactic antibiotics should be 
used.
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