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Autoimmune conditions can occur in a temporary relationship with any malignant lymphoma. In many instances, treat-
ment at diagnosis is not required, but symptomatic autoimmune conditions represent an indication for treatment, par-
ticularly in chronic lymphoproliferative diseases. Treatment is selected depending on the predominant condition:
autoimmune disease (immunosuppression) or lymphoma (antilymphoma therapy). Steroids and anti-CD20 antibodies
are effective against both conditions and may suppress the autoimmune complication for a prolonged period. The effi-
cacy of B-cell receptor inhibitors has provided us with novel insights into the pathophysiology of antibody-producing
B cells. Screening for underlying autoimmune conditions is part of the lymphoma workup, because other drugs, such
as immunomodulators and checkpoint inhibitors, should be avoided or used with caution. In this article, we discuss
diagnostic challenges and treatment approaches for different situations involving lymphomas and autoimmune
cytopenias.

Introduction and background
The association between lymphoid neoplasms and autoimmune
diseases has long been noted. Definitive evidence linking the
causality of the diseases is rare. However, there is compelling
evidence of their co-occurrence.1,2 Autoimmune diseases occur
with a prevalence of �10% in lymphoid neoplasms.3 However,
the frequency varies among entities, with a high prevalence in
certain lymphomas (from 7.4% in Hodgkin lymphoma to 18% in
marginal zone lymphoma).4,5 Most autoimmune conditions
(AICs) are associated with B-cell lymphomas and are much less
frequent with T-cell non-Hodgkin lymphomas (NHLs).

Autoimmune complications in lymphoproliferative diseases fre-
quently affect the hemopoietic system, but may have rheumato-
logic, endocrinologic, neurologic, or other manifestations.6 In
this article we focus on the management of autoimmune cytope-
nias illustrated by practical cases.

Autoimmune cytopenias can occur at any time during the course
of a lymphoproliferative disease: (1) before lymphoma diagnosis,
(2) at diagnosis of lymphoma, and (3) after diagnosis or treat-
ment of lymphoma.7 In some cases, the autoimmune phenome-
non may even be related to antilymphoma therapy.7-9 The
pathophysiology of autoimmune cytopenias in relation to the
time of occurrence, as well as to their association with predis-
posing diseases (eg, rheumatic diseases) or treatments may be
very different.

Among autoimmune cytopenias, autoimmune hemolytic anemia
(AIHA) and immune thrombocytopenia (ITP) are the most fre-
quent, but other conditions occur, such as immune-mediated

neutropenia or pure red cell aplasia (PRCA). The diagnosis of
autoimmune cytopenia is usually made according to the criteria
of the respective disease. In some cases, antibodies are
detected without symptomatic disease. B-cell–mediated (anti-
body-dependent) AICs are predominant, but T cells may also
play an important role.4 The antibodies involved may be mono-
clonal (eg, IgMk in cold agglutinin disease [CAD]) or polyclonal
(eg, warm antibodies in warm AIHA [wAIHA]).

Clinical management consists of appropriate diagnostic workup,
but the most important decision to make is whether treatment is
needed, and, if so, whether it should be directed against the
AIC, the lymphoma, or both. In this report, we describe several
typical scenarios, with practical solutions and recommendations.

AIHA
AIHA may occur shortly before diagnosis of lymphoma or may
be detected during the lymphoma workup. AIHA is best charac-
terized in chronic lymphocytic leukemia (CLL), but is found as a
complication in many lymphoma entities and in solid tumors.10-
17 Severe AIHA may lead to initiation of antilymphoma treat-
ment, but in many cases, immunosuppression stabilizes the con-
dition for further watchful waiting (Figure 1A-C). The
International Workshop on Chronic Lymphocytic Leukemia
Guidelines, for instance, explicitly state that AICs mimicking a
CLL Binet C stage can be treated with immunosuppressive ther-
apy.18 A direct antiglobulin test (DAT) is part of the CLL screen-
ing program, and the result is positive in up to 14% of patients
at diagnosis.11,18 Reticulocytes are elevated, and biochemical
signs of hemolysis, such as elevated bilirubin and lactate dehy-
drogenase (LDH), are usually present. Other features pointing to
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AIHA are morphologic abnormalities of the blood smear (poly-
chromasia and spherocytosis). The prevalence of AIHA in CLL is
�2.9% in stable Binet disease stage A compared with 10.5% in
stages B and C.19 Clinically, a discrepancy between a normal

platelet count and anemia with high reticulocytes should lead to
the suspicion of AIHA. The anti–red cell autoantibody involved
in CLL is predominantly of the IgG warm type, but cold aggluti-
nins of the IgM type have been observed.20 If the diagnosis of
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Figure 1. Treatment algorithms for autoimmune cytopenias in lymphoma. (A) wAIHA. Supportive care: red blood cell transfusions, if hemoglobin level is ,8 mg/dL
and/or there is symptomatic anemia. Lower hemoglobin levels may be tolerated in well-adapted and/or young adults; higher hemoglobin levels are needed in cases of
additional heart diseases or symptomatic anemia in elderly patients. Observe serum ferritin levels to avoid iron overload. Start iron chelation therapy if necessary, add
folic acid, osteoporosis inhibitor, and thrombosis prophylaxis. (B) PRCA. Supportive care: as described in panel A, except that folic acid or osteoporosis treatments or
thrombosis prophylaxis are not used. (C) CAD. Supportive care: as in panel A, except that folic acid or osteoporosis treatment or thrombosis prophylaxis are not used.
(D) ITP. Supportive care: platelet transfusions only for clinically significant bleeding or with surgical intervention. (E) AIG. Supportive care: consider granulocyte transfu-
sions to treat severe sepsis. Detailed regimens are given in Table 1.
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warm AIHA is established, and the hemoglobin is ,10 g/dL or
the patient is symptomatic, prednisone at a dose of 1 mg/kg is
usually effective and should be continued according to AIHA
treatment recommendations (Table 1).21-23 Rituximab (4 times
weekly at 375 mg/m2) is recommended if steroids fail. Rituximab
responses are high (71% of cases) but are not always long-last-
ing.12,24 Because of its antilymphoma activity, it can also be
used in first-line treatment (eg, if steroid treatment is contraindi-
cated). Rituximab is also the treatment of choice if cold aggluti-
nins are present (Table 1).21

Patient 1
A 67-year-old man with typical CLL experienced a sudden
decrease in hemoglobin from 12.9 to 9.3 g/dL, with an increase
in reticulocytes to 163 3 109/L and mean corpuscular volume
of 110 fL, whereas platelets were still normal. Haptoglobin was
reduced (,25 mg/dL) with slightly elevated indirect bilirubin
and LDH. The DAT result was positive for anti-IgG1 but not for
complement C3d, consistent with wAIHA. Standard treatment
with prednisolone at 1 mg/kg body weight was initiated. The
anemia responded within 1 month (Hb, 11.0 g/dL; reticulo-
cytes, 74 3 109/L), prednisolone was slowly tapered, and
hemoglobin increased to 13.5 g/dL in September 2012, when
the steroids were discontinued. The DAT result was still posi-
tive, which is a common finding. However, 4 months later, the
AIHA reoccurred, with a hemoglobin of 8.7 g/dL. The patient
was then treated with 4 weekly doses of rituximab 375 mg/m2

and had a complete response (CR) of wAIHA with a persistent
DAT positivity for IgG. Eighteen months later, the CLL had pro-
gressed to Binet stage C with thrombocytopenia, without signs
of ITP in the blood or bone marrow, but again accompanied by
AIHA. A bone marrow biopsy specimen showed heavy infiltra-
tion with CLL and a reduced number of megakaryocytes. The

patient was treated with 6 cycles of rituximab and bendamus-
tine (absence of TP53 abnormalities and mutated IgHV status)
and hematological CR as well as a CR of AIHA was achieved.
At this writing, the patients is 78 years of age and is in ongoing
CR. This case shows the spectrum of treatment options ranging
from immunosuppression to antilymphoma treatment.

Treatment of AIHA and/or lymphoma
with chemoimmunotherapy or
novel agents
wAIHA
Patients experiencing progression of underlying lymphoma
(in this case, CLL) may be better treated with chemoimmu-
notherapy (Figure 1A). Regimens containing anti-CD20 anti-
bodies are effective against both the AIC and the
lymphoma. However, fludarabine (particularly without rituxi-
mab) should be avoided because of its potential to cause
AIHA by itself.25-27 Rituximab1bendamustine has shown
excellent effects, with response rates of 81% for AIHA and
77% for CLL (Table 1).28 These results outweigh the few
cases of complicating AIHA after bendamustine therapy.29

Treatment with rituximab, cyclophosphamide, and dexa-
methasone is another good choice, particularly in CLL or
indolent lymphomas. 30,31 Some patients may even convert
to Coomb’s negativity. The treatment is effective for other
autoimmune cytopenias in CLL. A combination of rituximab
with cyclophosphamide, vincristine, and prednisone has also
been used.32 In contrast to primary wAIHA, splenectomy is
not a major option in lymphoma-associated AIHA because
of an increased risk of infection.33
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Figure 1. (continued)
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The Bruton’s tyrosine kinase (BTK) inhibitor ibrutinib is the pre-
ferred option in patients who do not respond to chemoimmuno-
therapy or those with TP53 abnormalities. Ibrutinib induces
long-term responses in AIHA and CLL.34-38 A low rate of
treatment-emergent AICs has been reported.9,39 The Bcl-2
inhibitor venetoclax seems to be effective against AIHA as well,
although few cases have been published so far.40,41 Novel

anti-CD20 antibodies such as ofatumumab or obinutuzumab
should have activity that is at least similar to that of rituximab,
but published data are rare.42

CLL guidelines now recommend the use of BTK or Bcl2 inhibi-
tors in most cases. The low rate of autoimmune complications
associated with these therapies is outweighed by the

Table 1. Regimens used in the treatment of autoimmune cytopenias in lymphoma

Abbreviation Therapy Dose References

A Alemtuzumab 3-mg test dose, then 10-30 mg/wk for
4-6 wk

43

ATG Anti-thymocyte globulin 10-20 mg/kg for 10 d 45

Az Azathioprine 0.5 mg/kg initial up to 2-2.5 mg/kg day
(max, 150 mg/d)

21

B Bendamustine 70 or 90 or 100 mg/every morning on
days 1-2 every 4 wk

28, 55, 59

Bo Bortezomib 1.3 mg/wk for 1-4 wk 21, 55, 61

C Cyclophosphamide 1-2 mg/kg per day or 50-150 mg/d
orally or 300-1000 mg IV on day 1
every 4 wk (eg, 750 mg per day)

13, 22, 26, 30-31

CsA Cyclosporin A 3-5 mg/kg per day 19, 21

ct/et Clinical trials/experimental therapies eg, ibrutinib 420 mg/d or venetoclax
400 mg/d after ramp-up weeks

8, 20-21, 34-35, 41, 49, 55, 65

D Dexamethasone 40 mg for 4 d (monotherapy) or 12 mg
IV on days 1-2 and orally on days 3-7
(eg, combined with rituximab and

cyclophosphamide)

11-13, 21-22, 30-31, 69

Da Danazol 200 mg 3-4 times per day 21-22

EPO Epoetin a 5000-40 000 U/wk 44-45

F Fludarabine 40 mg every morning on days 1-5 or 25
mg every morning on days 1-3

22, 26, 55, 58

GCSF Granulocyte colony stimulating factor 1-3 mg/kg per day 91

HSCT Hematopoietic stem cell
transplantation

— —

IVIG Intravenous immune globulin 1-2 g/kg per day over 1-2 d
(PRCA: 5 d)

12-13, 19-20,

MMF Mycophenolate mofetil 600 mg/d, 2 times per day 19, 21

MTX Methotrexate 10 mg every morning weekly 77

P Prednisone 0.5-2 mg/kg per day for 4 wk, taper
over 1-2 mo

11-13, 21-22, 69

R Rituximab 375 mg/every morning weekly for 4 wk
(or 100 mg weekly or 1000 mg on the

days 1 and 15)

12-13, 19, 21-22, 28, 30-31, 55-56,
58-59, 69

Su Sutimlimab 10 mg/kg test dose, 60 mg/kg 4 times
per week starting 1-4 d after test dose

55, 65

TPO-RAs Thrombopoietin receptor agonists Eltrombopag 50-150 mg/d, romiplostim
1-10 mg/kg per week

69-70, 92

V Vincristine 1 mg/wk for 4-6 wk 19, 32

1482 blood® 10 MARCH 2022 | VOLUME 139, NUMBER 10 PORPACZY and J€AGER

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/139/10/1479/1893444/bloodbld2019003686c.pdf by guest on 07 June 2024



antilymphoma effect. With large data sets still missing, we prefer
sequential therapy or simultaneous administration of an anti-
CD20 antibody in patients with AIHA in need of antilymphoma
therapy with ibrutinib or venetoclax.23

The following case describes treatment of a patient with CLL
with del(17p) with ibrutinib accompanied by an unusual
complication.

Patient 2 A 35-year-old woman was diagnosed with CLL with a
TP53 mutation and deletion (17p). Her white blood cell (WBC)
count was 93 3 109/L, with a platelet count of 239 3 109/L, and
severe anemia, with a hemoglobin level of 6.5 g/dL. Low hapto-
globin and elevated LDH levels and total bilirubin were noted,
but the DAT result was negative (as it is in 5% of AIHA cases).21

Interestingly, the patient had a very low reticulocyte count
(0.007 3 1012/L; normal value, 0.027 to 0.116 3 1012/L). A bone
marrow examination revealed typical CLL but suppressed eryth-
ropoiesis. A diagnosis of anemia related to CLL was made, indi-
cating Binet stage C or CLL with PRCA (based on low
reticulocyte counts and diminished erythropoiesis in the bone
marrow) with DAT-negative AIHA. The patient was dependent
on blood transfusions. CLL-specific treatment with ibrutinib was
initiated and resulted in normalization of WBCs, but without
hemoglobin response (6 g/dL). We reasoned that the AIC was
predominant in this case. Therefore, ibrutinib was discontinued,
and the patient was treated with prednisone at 1 mg/kg, fol-
lowed by 4 weekly doses of rituximab. Hemoglobin increased to
normal levels (14.9 mg/dL). Ibrutinib was reinstated, and, at this
writing, the patient is still in CR of CLL and PRCA.

This case shows that AICs can dramatically influence the course
of disease, with immediate need for treatment. The diagnosis of
autoimmune anemia is not always easy to make. In this case, the
diagnosis of AIHA could never be clearly established because of
the absence of a positive DAT result, whereas the patient had
low haptoglobin and elevated LDH and bilirubin. The DAT neg-
ativity may have been a consequence of low-affinity autoanti-
bodies or warm IgM or IgA antibodies. The key finding in this
case was the suppressed erythropoiesis in the bone marrow,
together with the almost absent reticulocyte count. However,
PRCA is a finding encountered in lymphoid neoplasms and
should be differentiated from, for example, parvovirus infection.
In this case, we had no information about parvovirus or T-cell
receptor rearrangement. The latter also indicates that PRCA lym-
phoma is, at least in part, caused by suppression of erythropoie-
sis by T cells. PRCA in lymphomas may occur alone or in
conjunction with AIHA (Figure 1B).

As discussed earlier, ibrutinib is effective against CLL-associated
AIHA in most cases. However, in this case, the AIC did not
respond to the BTK inhibitor, possibly because of a
T-cell–mediated mechanism. It responded only to adequate
doses of steroids (and rituximab) given over a lengthy period, as
also recommended for AIHA.22 It is important to use a dose of 1
mg/kg and not to taper the treatment too early. Subsequent
treatment with ibrutinib in our patient was administered without
problems and led to a CR of CLL. It is important to note that
combined treatment with ibrutinib and steroids can lead to seri-
ous complications, specifically opportunistic infections (eg, inva-
sive fungal infections).43 These complications were the major

reason that ibrutinib and prednisone were given sequentially to
patient 2.

Of note, steroid refractory PRCA responds to alemtuzumab, an
anti-CD52 antibody previously used for CLL, but this treatment
should be reserved for salvage purposes.44-47 Antithymocyte
globulin has also been reported as an acceptable salvage ther-
apy option.47

Cold agglutinin disease
The pathophysiology of cold agglutinin disease (CAD) is based
on monoclonal IgM antibodies that trigger complement-
mediated red cell lysis,48-53 which causes predominantly extra-
vascular hemolysis in the liver. Effective removal of the B-cell
clone and complement inhibition are therefore the therapeutic
goals.54,55 For these reasons, CAD usually does not respond to
steroids or splenectomy. Rituximab or rituximab-containing regi-
mens are very effective as first-line treatments (Table 1; Figure
1C). Rituximab monotherapy, 375 mg/m2 for 4 weeks at 7-day
intervals, produces response rates of �50%, but with few
CRs.21,56,57 The median duration of response is less than 1 year,
but repeated courses of rituximab are often effective in relapsed
disease. A good option for primary CAD, particularly cases of
accompanying indolent lymphomas, are combinations of rituxi-
mab with fludarabine or bendamustine.58,59 We prefer benda-
mustine1rituximab for its higher efficacy and rare induction of
hemolytic events. Bortezomib is another effective drug for treat-
ing lymphomas.60,61 Ibrutinib is effective in Waldenstr€om’s dis-
ease and can be tried as a monotherapy.62,63 In case of AICs, a
CD20 monoclonal antibody may increase efficacy.64

The other option for CAD is complement inhibition. The anti-
C1s antibody sutimlimab effectively increased hemoglobin levels
rapidly by more than 2 g/dL in 7 of 10 patients, with a median
best response of 3.9 g/dL.65 Inhibition of the complement cas-
cade offers short-term relief, but does not target the underlying
clonal B-cell disease.66 However, it would be a good option for
patients who do not respond to rituximab or as a bridging ther-
apy. Sutimlimab can also be used in sequence with ibrutinib in
patients with lymphoplasmacytic lymphoma with an MYD88
mutation.65,67 Clinical studies with other B-cell–targeting agents
such as PI3 kinase or SYK inhibitors are ongoing.

Patient 3 A 63-year-old man, who presented with severe auto-
immune hemolytic anemia after a hip replacement, was pre-
pared for hip surgery in January 2014. Postoperative
hemoglobin level was 7.8 g/dL with elevated reticulocyte count
at 183 3 109/L, haptoglobin below the detection limit, and bili-
rubin at 2.8 mg/dL. LDH was elevated, and a DAT result was
positive for complement anti-C3d antibodies. The cold aggluti-
nin titer was 64. The patient had an IgMk monoclonal protein,
however, with normal absolute IgM serum levels (209 mg/dL). A
diagnosis of cold AIHA was made, and, on further hematologic
workup, a slightly enlarged spleen was observed, as well as an
Igk and IgHV rearrangement in the peripheral blood by poly-
merase chain reaction. The bone marrow examination revealed
infiltration with a CD191, CD201, and CD51, but weakly posi-
tive CD23 B-cell clone, classified as lymphoplasmacytic lym-
phoma with typical histology. Further investigation revealed
that the B-cell clone carried an MYD88-L265P mutation. The
final diagnosis was lymphoplasmacytic lymphoma with cold
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agglutinins.48 According to treatment recommendations, the
patient received 4 doses of 375 mg/m2 rituximab in 4 consecu-
tive weeks and the hemoglobin returned to 13.5 g/dL 6 weeks
after infusion was initiated. Reticulocyte counts and haptoglobin
level normalized, and, at this writing, the patient had remained
in complete hematologic remission for 5 years. The DAT result
was still positive for anti-C3d, which is often seen, but in most
definitions, is not part of the response criteria for AIHA.21

ITP
ITP is a frequent autoimmune complication of CLL and other
non-Hodgkin lymphomas.8,16,19,20,68 The diagnosis should be
confirmed by a bone marrow biopsy, according to diagnostic
criteria for ITP.6,19,69 This confirmation is important in CLL,
because the ITP may mimic bone marrow insufficiency. A dis-
cordance between hemoglobin and platelet counts should trig-
ger the biopsy, even if not required by CLL guidelines, as well
as further investigations, including serum autoantibody assess-
ment, which is not generally recommended.70 Treatment con-
sists of immunosuppression with steroids, according to ITP
guidelines (Figure 1D).69 However, in the case of indolent
B-cell lymphomas, the addition of rituximab or combinations
thereof may be beneficial because of the expected combined
effect on AICs and underlying disease. Given that many
patients with lymphoma have immunodeficiencies, intravenous
immunoglobulin (IVIG) may also be beneficial. However, IVIG
should be reserved for patients in whom the disease is refrac-
tory to steroids and/or for bleeding in which a rapid increase in
platelets is necessary. In addition, patients with recurrent infec-
tions are good candidates for IVIG. Response rates in CLL are
�50%.20 In nonresponders, treatment with a thrombopoietin
agonist should be considered. Response rates with eltrombo-
pag in secondary ITP are as high as 81%.69-71 Rituximab with
cyclophosphamide and dexamethasone is a good option for
targeting both the AIC and the lymphoma.30,31

Patient 4 A 78-year-old man was diagnosed with CLL in Sep-
tember 2012. At this time, he had a WBC of 41 3 109/L. The
patient was in good condition with a hemoglobin level of 12.3
g/dL. However, a platelet count of 38 3 109/L showing throm-
bocytopenia was noted, without symptoms of bleeding. The dis-
crepancy between the almost normal hemoglobin and the low
platelet count triggered ITP diagnostics. No platelet-specific
antibodies were found, but reticulated thrombocytes were
clearly elevated (30.24%; normal values, 2% to 9%). Thrombo-
poietin levels were within normal range (285 pg/mL; normal,
.150 pg/mL). These results, although not diagnostic, were com-
patible with increased platelet destruction. No anti-platelet anti-
bodies were detected in the peripheral blood. A bone marrow
biopsy specimen indicated nodular infiltration with CLL cells
(20%), but normal-to-elevated thrombopoiesis compatible with
CLL and ITP. According to the International Workshop on
Chronic Lymphocytic Leukemia Guidelines the patient was not
treated for CLL in the absence of symptoms.18 The patient
received 1 mg/kg of prednisolone for 3 days in preparation for
surgery, and the platelet count increased to 101 3 109/L. Two
years later, the patient had an episode of severe gastrointestinal
bleeding. The platelet count was 20 3 109/L with a WBC of 66
3 109/L. A bone marrow biopsy was not performed at this time
because of the patient’s preference. Therefore, treatment with 6
cycles of rituximab1cyclophosphamide and dexamethasone

(rituximab 375 mg/m2; cyclophosphamide, 750 mg/m2; dexa-
methasone, 12 mg absolute; 5 days) was chosen as the first-line
therapy, with the rationale that it would have a substantial effect
on both conditions.29,30 As a result, his blood count returned to
near normal values with WBC count, 7 3 109/L; hemoglobin
level, 12.4 g/dL; and platelets, 107 3 109/L.

This case shows the efficacy of both steroid monotherapy and
rituximab combination therapy (against both CLL and ITP).
Although not all ITP guidelines recommend a bone marrow
biopsy for diagnosis, it seems important in patients with an
underlying lymphoma condition to determine the predominant
reason for the thrombocytopenia.

Evans syndrome
Evans syndrome is typically diagnosed in the fifth to sixth deca-
des and is secondary to underlying disorders, including lympho-
proliferative diseases in 27% to 50% of cases.72 It has been
reported in up to 2.9% of a cohort of patients with CLL.73

Treatment is similar to that of secondary AIHA or ITP and
includes the whole spectrum of immunosuppression and anti-
lymphoma therapy.7

Autoimmune granulocytopenia
Secondary autoimmune granulocytopenia or neutropenia (AIG) in
lymphoma is rare. AIG should be suspected in patients who have
a declining neutrophil count without other causes (eg, myelodys-
plastic syndromes, drugs, accompanying rheumatic diseases, or
infections).65,74 Typical examples include neutropenia in CLL, in
T-cell large granulocytic leukemia, or after CAR T-cell therapy.
Persistence of isolated neutropenia after chemotherapy or immu-
notherapy for longer than expected should trigger a diagnostic
workup. AIG is sometimes hard to differentiate from long-term
toxicities, such as in CLL treated with fludarabine, cyclophospha-
mide, and rituximab.20 In particular, late-onset neutropenia after
anti-CD20 antibody therapy should be considered. In this case,
bone marrow investigation and flow cytometry show a reduced
number of B-cells, T-lymphocyte imbalances, and lower propor-
tions of myeloid progenitor cells.75 Clinical diagnosis by exclusion
and testing for antineutrophil antibodies is usually negative. Neu-
tropenia may persist without long-lasting symptoms, but infec-
tions are imminent. In 1 study, 4% of patients with CLL-
associated AIG presented with infections.10 Treatment options
include granulocyte colony-stimulating factor and immunosup-
pressive therapy (steroids).76 In T-cell large granulocytic leukemia,
the neutropenia frequently responds to low-dose methotrexate,
cyclophosphamide, or cyclosporin A.74,77 Rituximab, when used
in the setting of rheumatic diseases, is also effective.78

Autoimmune complications of
antilymphoma treatments
AICs may occur after treatment with agents other than chemoim-
munotherapy or BTK or BCL2 inhibitors, as described earlier.79

Stimulation of the immune system may have detrimental effects
on a preexisting AIC. Patients with autoimmune diseases were
excluded from most studies of immunomodulators or immune
checkpoint inhibitors. We therefore have little knowledge about
the actual effects of those agents. Nevertheless, we are very
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cautious with immunomodulators, such as lenalidomide or phos-
phatidylinositol 3-kinase inhibitors in patients with preexisting
AICs, and, in most cases, checkpoint inhibitors are avoided if
possible. At the least, close monitoring is advised. Immune
checkpoint inhibitors have hematologic and nonhematologic
autoimmune side effects.80-82

Finally, novel cellular therapies such as CAR T-cell treatment tar-
geting CD19 can cause prolonged cytopenias that are not
attributable to late effects of chemotherapy or lymphodepletion.
This effect should be differentiated from late myelodysplastic
syndrome.83,84

Other autoimmune complications
Hematologic AICs sometimes manifest themselves as coagulo-
pathies. This may present with a bleeding tendency, as is the
case in factor X deficiency, von Willebrand’s disease in lympho-
plasmacytic lymphoma, or acquired hemophilia.85,86 We have
also noted a close association of lupus anticoagulants with
splenic marginal zone lymphomas that lead to frequent throm-
botic events requiring prophylaxis or treatment.5

Nonhematologic AICs may precede the diagnosis of lymphoma
for many years. These include Hashimoto’s thyroiditis, rheumato-
logic diseases such as systemic lupus erythematosus or rheuma-
toid arthritis, and neurologic diseases, such as polyneuropathy or
gastrointestinal problems (celiac disease).6 C1-esterase deficiency
is sometimes associated with lymphoma.87 Most of these dis-
eases are B-cell driven and may also be asymptomatic. In many
cases, workup of the autoimmune disease will include the search
for malignancies, lymphomas in particular.

Recently, the SARS-CoV2 pandemic and the development of effi-
cient vaccines has posed new questions regarding the induction
or exacerbation of AICs. Currently, vaccination is recommended
for patients who have AICs, but with special attention to those
patients. We ask our patients to have their blood counts checked
within 1 week after the vaccination whenever possible.88

Course of AICs during and after
antilymphoma treatment
The response of the AIC to antilymphoma treatment is depen-
dent on the underlying AIC and the type of treatment. In many
instances, the autoantibodies and/or the clinical symptoms
respond to antilymphoma treatment. Steroids and CD20 anti-
bodies such as rituximab or obinutuzumab are effective against
many autoimmune diseases.

In a series of patients with lymphoma who received R-CHOP
(cyclophosphamide, doxorubicin, vincristine, and predniso-
ne1rituximab) we documented the disappearance of rheumatic
symptoms and rheumatoid arthritis antibodies.89 Similar results
were obtained for acquired C1-esterase inhibitor deficiency.87

As discussed, ibrutinib and venetoclax seem to be beneficial, in
part by targeting both the lymphoma and the AIC.34-41,90

Conclusions and future developments
AICs can occur at any time before, during, or after lymphoma
diagnosis and treatment. They may be the indication for treat-
ment by either immunosuppression or antineoplastic agents.
Treatment is tailored toward the predominant disease (autoim-
mune or neoplastic) or both, usually according to their respec-
tive guidelines or recommendations. Anti-CD20 antibodies have
beneficial effects in B-cell lymphomas. Novel agents, such as
B-cell receptor inhibitors, offer new possibilities for treatment.
Some of these agents are even tested in specific trials against
AICs. However, AICs may also be triggered by some new treat-
ment approaches against lymphoma and will require adaptive
clinical management.

Acknowledgments
The authors thank Michaela Bronhagl for expert assistance, and
Cathrin Skrabs and Christian Sillaber for advice.

This work was supported by the Vienna Science and Technology
Fund (WWTF) Precision Medicine Program LS16-034 (U.J.).

Authorship
Contribution: U.J. and E.P. designed the manuscript, provided the cases,
and wrote the manuscript.

Conflict-of-interest disclosure: U.J. has received honoraria and research
funding from AbbVie, Bristol Myers Squibb/Celgene, Gilead, Janssen,
Novartis, Roche, Sandoz, and Sanofi. E.P. declares no competing finan-
cial interests.

ORCID profile: U.J., 0000-0001-9826-1062.

Correspondence: Ulrich J€ager, Division of Hematology and Hemosta-
seology, Department of Medicine I, Medical University of Vienna,
Waehringer Guertel 18-20, A-1090 Vienna, Austria; e-mail: ulrich.
jaeger@meduniwien.ac.at.

Footnote
Submitted 2 July 2020; accepted 29 April 2021; prepublished online
on Blood First Edition 13 September 2021. DOI 10.1182/
blood.2019003686.

REFERENCES
1. Smedby KE, Askling J, Mariette X,

Baecklund E. Autoimmune and inflammatory
disorders and risk of malignant lymphomas–
an update. J Intern Med. 2008;264(6):
514-527.

2. Khanmohammadi S, Shabani M, Tabary M,
Rayzan E, Rezaei N. Lymphoma in the
setting of autoimmune diseases: a review of
association and mechanisms. Crit Rev Oncol
Hematol. 2020;150:102945.

3. Vanura K, Sp€ath F, Gleiss A, et al.
Prevalence and clinical impact of
autoimmune diseases and chronic infections
in malignant lymphomas at diagnosis. Ann
Hematol. 2011;90(8):947-954.

4. Kleinstern G, Maurer MJ, Liebow M, et al.
History of autoimmune conditions and
lymphoma prognosis. Blood Cancer J. 2018;
8(8):73.

5. Gebhart J, Lechner K, Skrabs C, et al. Lupus
anticoagulant and thrombosis in splenic

marginal zone lymphoma. Thromb Res.
2014;134(5):980-984.

6. Jachiet V, Mekinian A, Carrat F, et al; French
Network of systemic and immune disorders
associated with hemopathies and cancer
(MINHEMON). Autoimmune manifestations
associated with lymphoma: characteristics and
outcome in a multicenter retrospective cohort
study. Leuk Lymphoma. 2018;59(6):1399-1405.

7. Hauswirth AW, Skrabs C, Sch€utzinger C,
Gaiger A, Lechner K, J€ager U. Autoimmune

HOW I TREAT CYTOPENIAS IN LYMPHOID CANCER blood® 10 MARCH 2022 | VOLUME 139, NUMBER 10 1485

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/139/10/1479/1893444/bloodbld2019003686c.pdf by guest on 07 June 2024

http://orcid.org/0000-0001-9826-1062
mailto:ulrich.jaeger@meduniwien.ac.at
mailto:ulrich.jaeger@meduniwien.ac.at


hemolytic anemias, Evans’ syndromes, and
pure red cell apl.asia in non-Hodgkin lym-
phomas. Leuk Lymphoma. 2007;48(6):
1139-1149.

8. Vitale C, Montalbano MC, Salvetti C, et al.
Autoimmune complications in chronic
lymphocytic leukemia in the era of targeted
drugs. Cancers (Basel). 2020;12(2):282.

9. Rogers KA, Ruppert AS, Bingman A, et al.
Incidence and description of autoimmune
cytopenias during treatment with ibrutinib
for chronic lymphocytic leukemia. Leukemia.
2016;30(2):346-350.

10. Zent CS, Ding W, Reinalda MS, et al.
Autoimmune cytopenia in chronic
lymphocytic leukemia/small lymphocytic
lymphoma: changes in clinical presentation
and prognosis. Leuk Lymphoma. 2009;50(8):
1261-1268.

11. Hodgson K, Ferrer G, Pereira A, Moreno C,
Montserrat E. Autoimmune cytopenia in
chronic lymphocytic leukaemia: diagnosis
and treatment. Br J Haematol. 2011;154(1):
14-22.

12. Visco C, Barcellini W, Maura F, Neri A,
Cortelezzi A, Rodeghiero F. Autoimmune
cytopenias in chronic lymphocytic leukemia.
Am J Hematol. 2014;89(11):1055-1062.

13. Rogers KA, Woyach JA. Secondary
autoimmune cytopenias in chronic
lymphocytic leukemia. Semin Oncol. 2016;
43(2):300-310.

14. Lechner K, Chen YA. Paraneoplastic
autoimmune: cytopenias in Hodgkin
lymphoma. Leuk Lymphoma. 2010;51(3):
469-474.

15. Puthenparambil J, Lechner K, Kornek G.
Autoimmune hemolytic anemia as a
paraneoplastic phenomenon in solid tumors:
a critical analysis of 52 cases reported in the
literature [in German]. Wien Klin
Wochenschr. 2010;122(7-8):229-236.

16. Crickx E, Poullot E, Moulis G, et al. Clinical
spectrum, evolution, and management of
autoimmune cytopenias associated with
angioimmunoblastic T-cell lymphoma. Eur
J Haematol. 2019;103(1):35-42.

17. Car�e W, Arnautou P, Segot A, et al.
Cytop�enies auto-immunes associ�ees au lym-
phome de Hodgkin : �etude r�etrospective
monocentrique [abstract in English]. [Auto-
immune hemolytic anemia and immune
thrombocytopenia associated with Hodgkin
disease: retrospective monocentric study.].
Rev Med Interne. 2019;40(12):785-790.

18. Hallek M, Cheson BD, Catovsky D, et al;
International Workshop on Chronic
Lymphocytic Leukemia. Guidelines for the
diagnosis and treatment of chronic
lymphocytic leukemia: a report from the
International Workshop on Chronic
Lymphocytic Leukemia updating the
National Cancer Institute-Working Group
1996 guidelines. Blood. 2008;111(12):
5446-5456.

19. Dearden C. Disease-specific complications
of chronic lymphocytic leukemia. Hematol
Am Soc Hematol Educ Program. 2008:450-
456.

20. Tsang M, Parikh SA. A concise review of
autoimmune cytopenias in chronic
lymphocytic leukemia. Curr Hematol Malig
Rep. 2017;12(1):29-38.

21. J€ager U, Barcellini W, Broome CM, et al.
Diagnosis and treatment of autoimmune
hemolytic anemia in adults:
recommendations from the First
International Consensus Meeting. Blood
Rev. 2020;41:100648.

22. Go RS, Winters JL, Kay NE. How I treat
autoimmune hemolytic anemia. Blood. 2017;
129(22):2971-2979.

23. Barcellini W, Fattizzo B. How I treat warm
autoimmune hemolytic anemia. Blood. 2021;
137(10):1283-1294.

24. D’Arena G, Laurenti L, Capalbo S, et al.
Rituximab therapy for chronic lymphocytic
leukemia-associated autoimmune hemolytic
anemia. Am J Hematol. 2006;81(8):598-602.

25. Weiss RB, Freiman J, Kweder SL, Diehl LF,
Byrd JC. Hemolytic anemia after fludarabine
therapy for chronic lymphocytic leukemia. J
Clin Oncol. 1998;16(5):1885-1889.

26. Borthakur G, O’Brien S, Wierda WG, et al.
Immune anaemias in patients with chronic
lymphocytic leukaemia treated with
fludarabine, cyclophosphamide and
rituximab–incidence and predictors. Br J
Haematol. 2007;136(6):800-805.

27. Garratty G, Petz LD. Direct antiglobulin test
negative autoimmune haemolytic anaemia
associated with fludarabine/
cyclophosphamide/rituximab therapy. Br J
Haematol. 2007;139(4):622-623.

28. Quinquenel A, Willekens C, Dupuis J, et al.
Bendamustine and rituximab combination in
the management of chronic lymphocytic
leukemia-associated autoimmune hemolytic
anemia: a multicentric retrospective study of
the French CLL intergroup (GCFLLC/MW
and GOELAMS). Am J Hematol. 2015;90(3):
204-207.

29. Chan M, Silverstein WK, Nikonova A,
Pavenski K, Hicks LK. Bendamustine-induced
immune hemolytic anemia: a case report
and systematic review of the literature.
Blood Adv. 2020;4(8):1756-1759.

30. Kaufman M, Limaye SA, Driscoll N, et al. A
combination of rituximab,
cyclophosphamide and dexamethasone
effectively treats immune cytopenias of
chronic lymphocytic leukemia. Leuk
Lymphoma. 2009;50(6):892-899.

31. Rossignol J, Michallet AS, Oberic L, et al.
Rituximab-cyclophosphamide-
dexamethasone combination in the
management of autoimmune cytopenias
associated with chronic lymphocytic
leukemia. Leukemia. 2011;25(3):473-478.

32. Bowen DA, Call TG, Shanafelt TD, et al.
Treatment of autoimmune cytopenia
complicating progressive chronic
lymphocytic leukemia/small lymphocytic
lymphoma with rituximab,
cyclophosphamide, vincristine, and
prednisone. Leuk Lymphoma. 2010;51(4):
620-627.

33. Kjellander C, Bj€orkholm M, K€allman O, et al.
Bloodstream infections in patients with
chronic lymphocytic leukemia: a longitudinal
single-center study. Ann Hematol. 2016;
95(6):871-879.

34. Manda S, Dunbar N, Marx-Wood CR,
Danilov AV. Ibrutinib is an effective
treatment of autoimmune haemolytic
anaemia in chronic lymphocytic leukaemia.
Br J Haematol. 2015;170(5):734-736.

35. Cavazzini F, Lista E, Quaglia FM, et al.
Response to ibrutinib of refractory life-
threatening autoimmune hemolytic anemia
occurring in a relapsed chronic lymphocytic
leukemia patient with 17p deletion. Leuk
Lymphoma. 2016;57(11):2685-2688.

36. Hampel PJ, Larson MC, Kabat B, et al.
Autoimmune cytopenias in patients with
chronic lymphocytic leukaemia treated with
ibrutinib in routine clinical practice at an
academic medical centre. Br J Haematol.
2018;183(3):421-427.

37. Montillo M, O’Brien S, Tedeschi A, et al.
Ibrutinib in previously treated chronic
lymphocytic leukemia patients with
autoimmune cytopenias in the RESONATE
study. Blood Cancer J. 2017;7(2):e524.

38. Montillo M, O’Brien S, Tedeschi A, et al.
Autoimmune hemolytic anemia and immune
mediated thrombocytopenia in the phase III
RESONATETM study of Ibrutinib vs
Ofatumumab in relapsed/refractory chronic
lymphocytic leukemia/small lymphocytic
lymphoma, including a case report
[abstract]. Blood. 2014;124(21). Abstract
5654.

39. Suzuki T, Miyakoshi S, Nanba A, Uchiyama
T, Kawamoto K, Aoki S. A case of chronic
lymphocytic leukemia complicated by
autoimmune hemolytic anemia due to
ibrutinib treatment. J Clin Exp Hematop.
2018;58(3):136-140.

40. Stilgenbauer S, Eichhorst B, Schetelig J, et
al. Venetoclax in relapsed or refractory
chronic lymphocytic leukaemia with 17p
deletion: a multicentre, open-label, phase 2
study. Lancet Oncol. 2016;17(6):768-778.

41. Lacerda MP, Guedes NR, Yamakawa PE, et
al. Treatment of refractory autoimmune
hemolytic anemia with venetoclax in
relapsed chronic lymphocytic leukemia with
del(17p). Ann Hematol. 2017;96(9):
1577-1578.

42. Nader K, Patel M, Ferber A. Ofatumumab in
rituximab-refractory autoimmune hemolytic
anemia associated with chronic lymphocytic
leukemia: a case report and review of litera-
ture. Clin Lymphoma Myeloma Leuk. 2013;
13(4):511-513.

43. Rodon P, Breton P, Courouble G. Treatment
of pure red cell aplasia and autoimmune
haemolytic anaemia in chronic lymphocytic
leukaemia with Campath-1H. Eur J
Haematol. 2003;70(5):319-321.

44. Sch€utzinger C, Gaiger A, Thalhammer R, et
al. Remission of pure red cell aplasia in
T-cell receptor gammadelta-large granular
lymphocyte leukemia after therapy with low-
dose alemtuzumab. Leukemia. 2005;19(11):
2005-2008.

1486 blood® 10 MARCH 2022 | VOLUME 139, NUMBER 10 PORPACZY and J€AGER

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/139/10/1479/1893444/bloodbld2019003686c.pdf by guest on 07 June 2024



45. Balasubramanian SK, Sadaps M, Thota S, et
al. Rational management approach to pure
red cell aplasia. Haematologica. 2018;103(2):
221-230.

46. Ghez D, Calleja A, Protin C, et al; French
Innovative Leukemia Organization (FILO) CLL
group. Early-onset invasive aspergillosis and
other fungal infections in patients treated
with ibrutinib. Blood. 2018;131(17):
1955-1959.

47. Rogers K. Ibrutinib and fungus: an invasive
concern. Blood. 2018;131(17):1882-1884.

48. Michel M, J€ager U. Autoimmune hemolytic
anemia. In: Hoffman R, Benz EJ, Silberstein
LE, Heslop H, Weitz J, Anastasi J, eds.
Hematology: Basic Principles. 7th ed.
Philadelphia, PA: Elsevier; 2018.

49. Jaeger U. Hot therapy for cold agglutinin
disease. Blood. 2017;130(4):392-393.

50. Randen U, Trøen G, Tierens A, et al. Primary
cold agglutinin-associated lymphoprolifera-
tive disease: a B-cell lymphoma of the bone
marrow distinct from lymphoplasmacytic
lymphoma. Haematologica. 2014;99(3):
497-504.

51. de Tute R, Rawstron A, Evans P, Owen R.
Cold agglutinin disease is a phenotypically
distinct clonal B-cell disorder. 15th Interna-
tional Myeloma Workshop, Rome, Italy: Sept
23-26, 2015 [abstract]. Clin Lymphoma Mye-
loma Leuk. 2015;15(3). Abstract E184.

52. Małecka A, Trøen G, Tierens A, et al.
Frequent somatic mutations of KMT2D
(MLL2) and CARD11 genes in primary cold
agglutinin disease. Br J Haematol. 2018;
183(5):838-842.

53. Arthold C, Skrabs C, Mitterbauer-
Hohendanner G, et al. Cold antibody
autoimmune hemolytic anemia and
lymphoproliferative disorders: a
retrospective study of 20 patients including
clinical, hematological, and molecular
findings [abstract in English] [Die
autoimmunh€amolytische An€amie vom
K€altetyp: eine retrospektive Analyse von 20
Patienten unter Ber€ucksichtigung klinischer,
h€amatologischer und molekularer Aspekte].
Wien Klin Wochenschr. 2014;126(11-12):
376-382.

54. Berentsen S, Hill A, Hill QA, Tvedt THA,
Michel M. Novel insights into the treatment
of complement-mediated hemolytic ane-
mias. Ther Adv Hematol. 2019;10:
2040620719873321.

55. Berentsen S. How I manage patients with
cold agglutinin disease. Br J Haematol.
2018;181(3):320-330.

56. Berentsen S, Ulvestad E, Gjertsen BT, et al.
Rituximab for primary chronic cold agglutinin
disease: a prospective study of 37 courses of
therapy in 27 patients. Blood. 2004;103(8):
2925-2928.

57. Sch€ollkopf C, Kjeldsen L, Bjerrum OW, et al.
Rituximab in chronic cold agglutinin disease:
a prospective study of 20 patients. Leuk
Lymphoma. 2006;47(2):253-260.

58. Berentsen S, Randen U, Vågan AM, et al.
High response rate and durable remissions

following fludarabine and rituximab
combination therapy for chronic cold
agglutinin disease. Blood. 2010;116(17):
3180-3184.

59. Berentsen S, Randen U, Oksman M, et al.
Bendamustine plus rituximab for chronic
cold agglutinin disease: results of a Nordic
prospective multicenter trial. Blood. 2017;
130(4):537-541.

60. Berentsen S, Barcellini W, D’Sa S, et al. Cold
agglutinin disease revisited: a multinational,
observational study of 232 patients. Blood.
2020;136(4):480-488.

61. Rossi G, Gramegna D, Paoloni F, et al. Short
course of bortezomib in anemic patients
with relapsed cold agglutinin disease: a
phase 2 prospective GIMEMA study. Blood.
2018;132(5):547-550.

62. Treon SP, Xu L, Yang G, et al. MYD88 L265P
somatic mutation in Waldenstr€om’s
macroglobulinemia. N Engl J Med. 2012;
367(9):826-833.

63. Treon SP, Tripsas CK, Meid K, et al. Ibrutinib
in previously treated Waldenstr€om’s
macroglobulinemia. N Engl J Med. 2015;
372(15):1430-1440.

64. Moreno C, Greil R, Demirkan F, et al.
Ibrutinib plus obinutuzumab versus
chlorambucil plus obinutuzumab in first-line
treatment of chronic lymphocytic leukaemia
(iLLUMINATE): a multicentre, randomised,
open-label, phase 3 trial [published correc-
tion appears in Lancet Oncol.
2019;20(1):e10] Lancet Oncol. 2019;20(1):
43-56.

65. J€ager U, D’Sa S, Sch€orgenhofer C, et al.
Inhibition of complement C1s improves
severe hemolytic anemia in cold agglutinin
disease: a first-in-human trial. Blood. 2019;
133(9):893-901.

66. Berentsen S. Cold agglutinins: fending off
the attack. Blood. 2019;133(9):885-886.

67. Kastritis E, Leblond V, Dimopoulos MA, et
al; ESMO Guidelines Committee.
Waldenstr€om’s macroglobulinaemia: ESMO
Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2018;
29(suppl 4):iv41-iv50.

68. Dimou M, Angelopoulou MK, Pangalis GA,
et al. Autoimmune hemolytic anemia and
autoimmune thrombocytopenia at diagnosis
and during follow-up of Hodgkin lymphoma.
Leuk Lymphoma. 2012;53(8):1481-1487.

69. Neunert C, Terrell DR, Arnold DM, et al.
American Society of Hematology 2019
guidelines for immune thrombocytopenia
[published correction appears in Blood
Adv. 2020;4(2):252] Blood Adv. 2019;3(23):
3829-3866.

70. Provan D, Arnold DM, Bussel JB, et al.
Updated international consensus report on
the investigation and management of
primary immune thrombocytopenia. Blood
Adv. 2019;3(22):3780-3817.

71. Zufferey A, Kapur R, Semple JW.
Pathogenesis and therapeutic mechanisms in
immune thrombocytopenia (ITP). J Clin Med.
2017;6(2):16.

72. Audia S, Grienay N, Mounier M, Michel M,
Bonnotte B. Evans’ syndrome: from
diagnosis to treatment. J Clin Med. 2020;
9(12):3851.

73. Carli G, Visco C, Falisi E, et al. Evans
syndrome secondary to chronic lymphocytic
leukaemia: presentation, treatment, and
outcome. Ann Hematol. 2016;95(6):863-870.

74. Gibson C, Berliner N. How we evaluate and
treat neutropenia in adults. Blood. 2014;
124(8):1251-1258, quiz 1378.

75. Stamatopoulos K, Papadaki T, Pontikoglou
C, et al. Lymphocyte subpopulation
imbalances, bone marrow hematopoiesis
and histopathology in rituximab-treated lym-
phoma patients with late-onset neutropenia.
Leukemia. 2008;22(7):1446-1449.

76. Fujita M, Kawabata H, Oka T, et al. A rare
case of adult autoimmune neutropenia
successfully treated with prednisolone.
Intern Med. 2017;56(11):1415-1419.

77. Lamy T, Loughran TP Jr. How I treat LGL
leukemia. [published correction appears in
Blood. 2017;123(13):1182] Blood. 2011;
117(10):2764-2774.

78. Cornec D, Devauchelle-Pensec V, Jousse-
Joulin S, et al. Long-term remission of T-cell
large granular lymphocyte leukemia associ-
ated with rheumatoid arthritis after rituximab
therapy. Blood. 2013;122(9):1583-1586.

79. Oka S, Nohgawa M. Autoimmune
cytopenias occurring after treatment with
chemoimmunotherapy for non-Hodgkin lym-
phomas. Acta Haematol. 2019;141(2):79-83.

80. Thallinger C, F€ureder T, Preusser M, et al.
Review of cancer treatment with immune
checkpoint inhibitors: current concepts,
expectations, limitations and pitfalls. Wien
Klin Wochenschr. 2018;130(3-4):85-91.

81. Delanoy N, Michot JM, Comont T, et al.
Haematological immune-related adverse
events induced by anti-PD-1 or anti-PD-L1
immunotherapy: a descriptive observa-
tional study. Lancet Haematol. 2019;6(1):
e48-e57.

82. Hess G. Checkpoint inhibition in non-
Hodgkin’s lymphoma. Oncol Res Treat.
2017;40(11):662-672.

83. Cordeiro A, Bezerra ED, Hirayama AV, et al.
Late events after treatment with CD19-
targeted chimeric antigen receptor modified
T cells. Biol Blood Marrow Transplant. 2020;
26(1):26-33.

84. Jain T, Knezevic A, Pennisi M, et al.
Hematopoietic recovery in patients receiving
chimeric antigen receptor T-cell therapy for
hematologic malignancies. Blood Adv. 2020;
4(15):3776-3787.

85. Mayerhofer M, Haushofer A, Kyrle PA, et al.
Mechanisms underlying acquired von
Willebrand syndrome associated with an
IgM paraprotein. Eur J Clin Invest. 2009;
39(9):833-836.

86. Porru M, Mameli A, Cianchetti EM, et al.
Acquired factor VIII inhibitor and subsequent
development of non-Hodgkin’s lymphoma: a
case report and review of the literature.

HOW I TREAT CYTOPENIAS IN LYMPHOID CANCER blood® 10 MARCH 2022 | VOLUME 139, NUMBER 10 1487

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/139/10/1479/1893444/bloodbld2019003686c.pdf by guest on 07 June 2024



Blood Coagul Fibrinolysis. 2015;26(8):
967-971.

87. Bekos C, Perkmann T, Krauth M, Raderer M,
Lechner K, Jaeger U. Acquired C1 esterase
inhibitor deficiency in lymphomas:
prevalence, symptoms, and response to
treatment. Leuk Lymphoma. 2016;57(9):
2033-2036.

88. Dufour C, Papadaki H, Warren A, et al.
Expert opinions for COVID-19 vaccination in
patients with non-malignant hematologic
diseases. The Hague, The Netherlands:
European Hematology Association (EHA);
2021. Available at: https://ehaweb.org/
covid-19/eha-statement-on-covid-19-
vaccines/recommendations-for-covid-19-

vaccination-in-patients-with-non-malignant-
hematologic-diseases/.

89. W€ohrer S, Troch M, Zwerina J, et al.
Influence of rituximab, cyclophosphamide,
doxorubicin, vincristine and prednisone
on serologic parameters and clinical
course in lymphoma patients with
autoimmune diseases. Ann Oncol. 2007;
18(4):647-651.

90. Skrabs C, Pickl WF, Perkmann T, J€ager U,
Gessl A. Rapid decline in insulin antibodies
and glutamic acid decarboxylase
autoantibodies with ibrutinib therapy of
chronic lymphocytic leukaemia. J Clin Pharm
Ther. 2018;43(1):145-149.

91. Dale DC. How I diagnose and treat
neutropenia. Curr Opin Hematol. 2016;23(1):
1-4.

92. Paul S, Jain N, Ferrajoli A, et al. A phase II
trial of eltrombopag for patients with chronic
lymphocytic leukaemia (CLL) and
thrombocytopenia. Br J Haematol. 2019;
185(3):606-608.

© 2022 by The American Society of Hematology. Licensed

under Creative Commons Attribution-NonCommercial-

NoDerivatives 4.0 International (CC BY-NC-ND 4.0),

permitting only noncommercial, nonderivative use with

attribution. All other rights reserved.

1488 blood® 10 MARCH 2022 | VOLUME 139, NUMBER 10 PORPACZY and J€AGER

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/139/10/1479/1893444/bloodbld2019003686c.pdf by guest on 07 June 2024

https://ehaweb.org/covid-19/eha-statement-on-covid-19-vaccines/recommendations-for-covid-19-vaccination-in-patients-with-non-malignant-hematologic-diseases/
https://ehaweb.org/covid-19/eha-statement-on-covid-19-vaccines/recommendations-for-covid-19-vaccination-in-patients-with-non-malignant-hematologic-diseases/
https://ehaweb.org/covid-19/eha-statement-on-covid-19-vaccines/recommendations-for-covid-19-vaccination-in-patients-with-non-malignant-hematologic-diseases/
https://ehaweb.org/covid-19/eha-statement-on-covid-19-vaccines/recommendations-for-covid-19-vaccination-in-patients-with-non-malignant-hematologic-diseases/
https://ehaweb.org/covid-19/eha-statement-on-covid-19-vaccines/recommendations-for-covid-19-vaccination-in-patients-with-non-malignant-hematologic-diseases/
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode

