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The chronic lymphocytic leukemia international prognostic index
(CLL-IPI), which combines 5 parameters (age, clinical stage, TP53
status [normal vs del(17p) and/or TP53 mutation], IGHV mutational
status, and serum b2-microglobulin) to predict clinical outcome
in chronic lymphocytic leukemia (CLL) patients was first published
in 2016.1 The utility of this prognostic tool has been confirmed in
independent validation studies across countries and in different
practice settings (ie, academicmedical centers, national population-
based cohorts, and clinical trials).2-7 However, there are subtle but
important differences ofmedian survival of each risk category across
series, and limited information is available on the utility of the
CLL-IPI tool to predict time from diagnosis to first treatment.

To increase understanding of these important clinical questions, we
conducted a systematic review and meta-analysis in accordance
with the PRISMA (preferred reporting items for systematic reviews
andmeta-analyses) Statement, which includes all published studies
that have used CLL-IPI to predict clinical outcome of CLL (PRISMA
Flow Diagram; supplemental Figure 1, available on the BloodWeb
site).8 The literature search used PubMed to identify original full-
text articles and research letters published in English on the utility of
the CLL-IPI reported prior to 30 June, 2017. The search strategy
used both Medical Subject Headings terms and free text words
to increase the sensitivity. The electronic search yielded 9 re-
cords, including 6 articles assessed for eligibility. A complementary
manual searchwas also performed to screen the proceedings of the
annualmeetings of the American Society of Hematology, American
Society of Clinical Oncology, and European Hematology Associ-
ation from the last 3 years identified 3 additional citations.9-11

Abstract evaluation and data extraction were performed by 2 re-
viewers (S.M. andD.G.). A crossaudit between reviewers allowed to
include only studies that reported information on overall survival
(OS) and/or time to first treatment (TTFT) and enrolled 100 or more
patients. Data, extracted in a standardized format, included name
of the study, period of enrollment, follow-up duration, median age
of subjects included, time in the course of the disease at which
CLL-IPI was assessed (ie, at diagnosis, at time of first treatment, and
at relapse), and patient distribution into the 4 CLL risk categories
in different studies (supplemental Table 1). The heterogeneity
of the data was evaluated by x2 Q test and I2 statistic. For the
Q test, P , .05 indicated significant heterogeneity; for the I2 sta-
tistics, an I2 value .50% was considered significant heterogeneity.

In total, 9 studies including 7843 patients analyzed the impact of
CLL-IPI on OS. Because the CLL-IPI working group applied the

CLL-IPI in 4 different patient data sets (1 training data set,
1 internal validation data set, and 2 external validation data sets
from the Mayo Clinic and Scandinavian series, respectively), an
overall number of 12 CLL patient cohorts was considered suit-
able for this meta-analysis (supplemental Table 1).1 The patient
distribution into the CLL-IPI risk categories was as follows: low
risk (LR), median, 45.9% (range, 1.3% to 58%); intermediate risk
(IR), median, 30% (range, 8.2% to 39%); high risk (HR), median,
16.5% (range, 12.6% to 56%); and very high risk (v-HR), median,
3.6% (range, 2.2% to 40.8%) (supplemental Table 1). The wide
range of distribution across CLL-IPI risk categories reflects dif-
ferences of the point in the course of the disease at which CLL-IPI
was assessed in the different patient cohorts (ie, at diagnosis
[8 series], at time of first treatment [3 series], and at relapse
[1 series]).

Eleven series comprising 7383 patients had sufficient data to
calculate the 5-year survival probability (supplemental Table 1),
which was 92% for LR CLL-IPI (95% confidence interval [CI], 90%
to 93%), 81% for IR CLL-IPI (95% CI, 80% to 83%), 60% for HR
CLL-IPI (95% CI, 58% to 63%), and 34% for v-HR CLL-IPI (95% CI,
29% to 40%). Values of the Q or I2 test suggest a certain degree
of heterogeneity across different studies (ie, LR,Q5 63.9, P, .001,
I25 84%; IR, Q5 59.8, P, .001, I25 83%; HR,Q5 49.7, P, .001,
I2 5 80%; v-HR, Q 5 27.4, P 5 .001, I2 5 67%) (Figure 1).

TTFT was evaluated in 7 studies including 5206 patients from
9 patient cohorts assessing CLL-IPI at diagnosis. The probability of
remaining free from therapy at 5 years on pooled meta-analysis
was 82% (95% CI, 80% to 83%) in the LR group, 45% (95% CI,
43% to 48%) in the IR group, 30% in the HR group (95% CI,
26% to 33%), and 16% in the v-HR group (95% CI, 10% to 22%).
Notably, the heterogeneity in TTFT across different studies was
greatest among patients in the LR (Q5 38.8, P, .001; I2 5 79%)
and IR CLL-IPI categories (Q5 27.0, P, .001; I2 5 70%), whereas
smaller variabilitywas observedamongpatients in theHR (Q514.4,
P5 .57; I2 5 45%) and v-HR CLL-IPI categories (Q5 1.65, P5 .95;
I2 5 0%) indicating more consistent TTFT outcomes among the
HR and v-HR groups across studies (Figure 2).

A potential confounder of this meta-analysis is that studies in-
cluded evaluated the utility of the CLL-IPI at different points
in the course of their disease.1-7,9-11 We therefore wondered
whether the heterogeneity observed would be reduced by
restricting the analysis to studies applying the CLL-IPI at the time
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of first diagnosis. Overall, 4893 patients in the meta-analysis
(62.3% of the population) were stratified by the CLL-IPI at the
time of first diagnosis and were suitable for subanalysis.1,2,4-7

Distribution of patients across different CLL-IPI categories was as
follows: LR, median 51.5% (range, 42% to 58.1%); IR, median
31.2% (range, 24.9% to 38%); HR, median 16.3% (range, 9.7% to
18%); and v-HR, median 3.3% (range, 2.2% to 4.6%). Of note, a
direct comparison with respect to distribution in the different
CLL-IPI categories between patients evaluated at the time of
diagnosis (n54893) andat the timeof therapyor relapse (n52950),
respectively, revealed a significantly higher number of patients
belonging to HR or v-HR CLL-IPI categories in the latter cohort
(P , .0001) (supplemental Table 2).

The 5-year survival probability in the subset of patients stratified
by the CLL-IPI at the time of first diagnosis was 92% for LR CLL-IPI
(95% CI, 91% to 93%), 83% for IR CLL-IPI (95% CI, 81% to 84%),
67% for HR CLL-IPI (95% CI, 63% to 70%), and 42% for v-HR
CLL-IPI (95% CI, 35% to 51%) (supplemental Figure 2). Values of
the Q or I2 test again demonstrated heterogeneity across dif-
ferent studies (LR, Q 5 61.2, P , .001, I2 5 89%; IR, Q 5 54.8,

P , .001, I2 5 87%), which consistently decreased when dealing
with HR and v-HR patients (HR, Q5 10.5, P, .16, I2 5 33%; v-HR,
Q5 12.5, P5 .05, I2 5 52%). A supplementary subanalysis limited
to series applying the CLL-IPI at the time of first treatment dis-
closed, on the contrary, higher heterogeneity across studies in
patients with HR and v-HR (supplemental Figure 3).

In addition to the CLL-IPI, other scores have also been proposed
using multivariate analysis to extract relevant factors from the
plethora of known prognostic markers.5,12-15 These models help
to simplify CLL prognostication.

Results of this comprehensive review and meta-analysis in-
cluding all studies published to date, confirm that CLL-IPI is an
important step toward harmonizing international prognostica-
tion for CLL. However, although the validity of the CLL-IPI is
confirmed across several series including patients mostly treated
with chemoimmunotherapy, available data of patients treated
with novel agents to include in this meta-analysis are limited (ie,
only 1 abstract). The lack of these data to incorporate is a major
limitation of the present study and jeopardizes the ability of the
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Figure 1. Five-year survival probability on pooledmeta-analysis. The analysis accounts for 7843 patients in whomCLL-IPI was applied at different points in the course of their
disease (ie, at diagnosis [8 series] and time of first treatment [3 series]). SCAN, SCALE Scandinavian population-based case-control study.
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CLL-IPI to influence current clinical practice. The introduction of
several novel therapies targeting Bruton tyrosine kinase (ie,
ibrutinib), phosphoinositide 3-kinase (ie, idelalisib), and bcl2
(ie, ventoclax) has dramatically changed the therapeutic land-
scape and altered the natural history of CLL. Because obser-
vation remains the standard of care for asymptomatic early-stage
patients, the introduction of these agents does not impact the
utility of the CLL-IPI for predicting time from diagnosis to first
treatment, but it likely has a profound impact on the survival of
patients of all risk categories once treatment is indicated. Addi-
tional studies validating the utility of the CLL-IPI for predicting OS
in patients treated with targeted therapy are needed.
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Figure 2. Five-year probability of remaining free from therapy on pooled meta-analysis. The analysis accounts for 5206 patients from 9 patient cohorts. In all patients, CLL-
IPI was applied at the time of diagnosis.
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TO THE EDITOR:

First report of ibrutinib in IgM-related amyloidosis:
few responses, poor tolerability, and short survival
Tomas Pika,1 Ute Hegenbart,2 Pavla Flodrova,3 Bettina Maier,2 Christoph Kimmich,2 and Stefan O. Schönland2
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Heidelberg, Heidelberg, Germany; and 3Department of Clinical and Molecular Pathology, Faculty of Medicine and Dentistry, Palacky University, Olomouc,
Czech Republic

Light-chain amyloidosis (AL) is a rare systemic protein deposition
disorder that belongs to the group of plasma cell dyscrasias.
Approximately 10% to 22% of cases are associated with
symptomatic multiple myeloma or Waldenström macroglobuli-
nemia (WM). The disease is characterized by extracellular de-
position of insoluble fibrils composed of misfolded molecules of
immunoglobulin light chains produced by a clonal B-lymphocyte
population. Immunoglobulin M (IgM) AL represents only about
5% of patients of the entire AL spectrum. These patients exhibit
lower serum levels of amyloidogenic light chains and cardiac
biomarkers than non-IgM AL patients.1-3 Considering the in-
dolent character of WM, it is necessary to point out that in cases
of AL due to WM, AL is the dominant cause of death. Although
protocols for multiple myeloma therapy have been successfully
implemented for the treatment of non-IgM AL, experience with
protocols used for WM is scarce in the treatment of IgM AL.
Chlorambucil and prednisone combination was associated with
27% to 38% of therapeutic responses, whereas purine analog
therapy led to 73%.1,3,4 Autologous transplantation yielded a
response in 89% of 12 evaluated patients.5 Regarding appli-
cation of biologically active products, Palladini et al report
a 78% therapeutic response for the combination of rituximab,
bortezomib, and dexamethasone, including patients with relapsed/
refractory disease.6 For the monitoring of a therapeutic response
in AL, measuring levels of free light chains (FLCs) is dominantly
used. Hematologic response criteria are defined as negative
serum and urine immunofixation with normal FLC ratio in com-
plete response (CR), difference of amyloidogenic and uninvolved

FLCs in the serum (dFLC),40 mg/L in very-good partial response
(VGPR), and dFLC decrease .50% in partial response (PR).7 The
therapeutic goal for patients with AL is a reduction in levels of
amyloidogenic FLC to at least VGPR, which is associated with
significant improvement of patient survival and organ response
(OR) shown for AL overall and IgM AL.1,7

Ibrutinib is currently approved and registered for treatment of
WM (and also chronic lymphocytic leukemia and mantle cell
lymphoma). Treon et al report 90.5% therapeutic response in the
case of relapsed/refractory WM, with 73% major therapeutic
response (16% VGPR and 57% PR), but interestingly no patient
achieved CR.8,9 M-protein response criteria inWM are defined as
disappearance of IgM spike by immunofixation, negative bone
marrow examination, and resolution of extramedullary disease
in CR, .90% reduction of M-protein and resolution of extra-
medullary disease in VGPR, and.50%M-protein reduction in PR
from baseline with reduction in extramedullary disease.10 Im-
portantly, FLCs are not part of the usual diagnostic setup, and
therefore dFLC response data are lacking in WM. The most fre-
quent and largest therapeutic responses were seen in patients
with MYD88 L265P mutation without mutation of CXCR4. Prin-
cipal adverse effects of the treatment include blood count
changes (thrombopenia and neutropenia), hemorrhagic symp-
toms, and atrial fibrillation. Dimopoulos et al reported a 90%
total therapeutic response rate (71%major response) in rituximab-
refractory patients. The most frequent side effects were
blood count changes, diarrhea, and arterial hypertension.11 In a
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