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ARTICLE INFO ABSTRACT

Keywords: Background: The role of bortezomib in the treatment of immunoglobulin light chain (AL) amyloidosis is not well
AL amyloidosis defined. We performed this meta-analysis to evaluate the efficacy and safety of bortezomib-based regimens in
Bortezomib patients with AL amyloidosis who are not eligible for or refuse autologous stem cell transplantation.

?}Tg;z?}?g’zi;y Methods: A systematic search of Medline, Embase, and the Cochrane Library was conducted to identify related

studies.

Results: Twenty-four studies with 1238 patients were included. The pooled overall response rate (ORR) and
complete hematological response rate (CHR) were 0.72 (95% CI, 0.67-0.77) and 0.35 (95% CI, 0.30-0.40),
respectively. Bortezomib significantly improved the outcome of ORR compared to other regimens (RR 1.28, 95%
CI, 1.04-1.57, P = .02). Similar results were observed in CHR (RR 1.90, 95% CI, 1.45-2.50, P < .001) and
cardiac response (RR 2.03, 95% CI, 1.31-3.13, P = .002), but not in overall survival (HR 0.82, 95% CI,
0.62-1.09, P = .17). In addition, once-weekly bortezomib was associated with improved overall survival com-
pared with twice-weekly bortezomib (HR 0.52, 95% CI, 0.27-0.99, P = .05). Peripheral neuropathy was the
most widely reported adverse event. Incorporation of bortezomib into the standard melphalan + dexamethasone
setting showed a trend of increased serious adverse events, though this was not statistically significant (RR 1.29,
95% CI, 0.95-1.75, P = .10).

Conclusions: Current evidence indicates that bortezomib-based regimens might be effective and safe therapies
for patients with AL amyloidosis. There is a great need to conduct more well-designed randomized controlled
trials to provide high-quality evidence.

1. Introduction

Immunoglobulin light chain (AL) amyloidosis is a systematic disease
characterized by deposition of misfolded immunoglobulin light chains
derived from monoclonal plasma cells, which can lead to multi-organ
dysfunction [1]. It is the most common type of amyloidosis with a
prevalence between 8.8 and 58 individuals per million person-years [2]
and an annual percentage increase of 12% [3]. Although rare, AL
amyloidosis is associated with high mortality in affected individuals. It
was reported that before 1993, the median survival was 13.2 months,
and only 7% of the patients survived for 5 or more years if they did not
receive effective treatment [4]. With the development of autologous
stem cell transplantation (ASCT) and novel agents such as thalidomide

and bortezomib, the overall survival (OS) has largely been improved.
However, 4-year OS remains low at 50%, and early mortality remains
high [5]. This has led to serious damage, not only physiologically but
also psychologically [6], and has put severe economic burdens on so-
ciety [7].

Bortezomib, a reversible inhibitor of the 26S proteasome, was de-
veloped with the aim of treating multiple myeloma (MM) by inhibiting
proliferation and inducing apoptosis in human MM cell lines [8]. Due to
its high response rates in MM, bortezomib was introduced for AL
amyloidosis at the American Society of Hematology Annual Meeting in
2006 by Wechalekar et al. [9]. Recently, there has been an increased
interest in using bortezomib to treat patients with AL amyloidosis.
However, the strong evidence to prove its exact role in AL amyloidosis
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is yet unavailable. Patients' current treatment is based on expert con-
sensus rather than the evidence of prospective clinical trials. Whether
bortezomib can improve response rates or OS remains controversial. In
particular, one editorial summarized two matched series that compared
bortezomib-based regimens to those without for treating AL amyloi-
dosis and concluded there was no certainty about the role of borte-
zomib [10].

Although one meta-analysis [11] has reported the effect of borte-
zomib in patients with AL amyloidosis, there was no strong evidence to
prove that bortezomib could improve overall survival because they
employed dichotomous data to evaluate the pooled effects of two-year
OS and overall mortality, which would lead to a loss of censored in-
formation. The small sample size and a lack of detailed description of
toxicities also limit the interpretation of that meta-analysis. Further-
more, they took patients who were eligible for ASCT into account. Our
present meta-analysis aims to evaluate the efficacy and safety of bor-
tezomib in AL amyloidosis patients who are not eligible for or refuse
ASCT, in contrast the above meta-analysis.

2. Materials and methods
2.1. Search strategy

We searched the Medline (PubMed), Embase (Ovid), and Cochrane
Library databases from inception to 22 June 2018 by a combination of
Medical Subject Heading terms and keywords to identify studies as-
sessing bortezomib in the setting of AL amyloidosis. The detailed search
strategy is listed in Supplementary Materials. We also searched
ClinicalTrials.gov for unpublished results and manually reviewed the
references of relevant articles.

2.2. Study selection

The included studies met the following eligibility criteria: (1) AL
amyloidosis patients were treated with bortezomib; (2) the study re-
ported the details of the application of bortezomib; and (3) the study
reported the overall response rate (ORR). Studies meeting any of the
following criteria were excluded: (1) it had fewer than 5 patients; (2)
bortezomib was used for induction therapy before or after ASCT; (3)
any patient had MM-associated AL amyloidosis; (4) bortezomib was
combined with other novel agents (such as lenalidomide, pomalido-
mide, doxycycline, and monoclonal antibodies for amyloid deposits or
plasma cells). When more than one study reported the results from the
same cohort, only the most recent study was included. Full-text review
was restricted to Chinese and English articles only.

2.3. Data extraction

Two of our authors (Baojian Liu and Ming Bai) independently ex-
tracted the data from each primary study with a predefined form: first
author and year of publication, study design, demographics, details of
using bortezomib, outcomes, and adverse events (AEs). The quality of
the included studies was assessed using the Newcastle-Ottawa Scale,
which ranges from zero (lowest quality) to nine points (highest quality)
[12]. Disagreements were resolved by discussion and consensus. The
primary outcome of interest was ORR. Secondary objectives included
complete hematological response rate (CHR), OS, organ response, and
AEs.

2.4. Statistical analysis

Risk ratios (RRs) with 95% confidence intervals (CIs) were pooled
for dichotomous data. Hazard ratios (HRs) were pooled for time-to-
event data. Observed minus Expected events (O-E) and Variance (V)
were calculated using the HR with its 95% CI, observed events, the
number of analysed patients, and the P value of the log-rank test. In the
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absence of these variables, the survival curves were used to estimate the
O-E and V, employing the calculation spreadsheet provided by Tierney
et al. [13]. Heterogeneity was measured by the chi-squared test and the
I? statistic. A random-effect model was used if there was high hetero-
geneity (value of I2 over 50%) [14]; otherwise, a fixed-effect model was
used. Sensitivity analyses were used to explore the potential sources of
heterogeneity.

Publication bias was assessed by funnel plot and Begg's test [15].
For the controlled studies, statistical analyses were performed using
Review Manager (version 5.3, The Nordic Cochrane Centre, The Co-
chrane Collaboration 2011, Copenhagen, Denmark). Comprehensive
Meta-Analysis software (version 2.0, Englewood, NJ, USA: Biostat Inc.;
2005) was used to pool the single-arm data and calculate the Begg's test.
P < .05 was considered statistically significant.

3. Results
3.1. Study selection, characteristics, and quality

The systematic literature review yielded 217, 331, and 34 studies in
the Medline, Embase, and Cochrane databases, respectively. After ex-
cluding 105 duplicate articles, 477 articles were left for title and ab-
stract screening, of which 418 were excluded. The remaining 59 arti-
cles' full-texts were reviewed, and 35 articles were excluded. Notably,
although one RCT was reported in the form of a conference abstract
[16], considering its high-level evidence and detailed data, we in-
corporated it into the final analysis. Another RCT [17] was identified by
retrieval from ClinicalTrials.gov and was included for the same reason.
Nine were duplicate reports [18-26], and only the papers [21,24,26]
with the longest follow-up for each cohort were used for analysis. Fi-
nally, 24 studies with 1238 AL amyloidosis patients were included in
the final analyses, including 8 controlled studies [16,17,27-32] and 16
single-arm studies [21,24,26,33-45]. The process of study selection is
presented in Fig. 1.

The basic characteristics of the included studies are presented in
Tables 1 and 2. These 24 studies included 2 RCTs [16,17], 2 phase 1/2
trials [21,35], and 20 retrospective studies [24,26-34,36-45]. The
mean age of patients ranged from 54 to 69 years. The median number of
cycles received of bortezomib was 3.6 (range 2.0-8.0) in a median

Total identified citations (n = 582) |

L

Citations screened (n =477)

Duplicates (n = 105) |

| Citations excluded after title and
abstract reviewed (n = 418):
Editorials/Reviews/comments (n
= 130); Not relevant (n = 158);
Case reports (n = 98); Before or
J after ASCT (n = 20); MM-

associated AL (n = 2); less than
6 patients (n = 10)

Full-text citations assessed
(n=759)

Citations excluded after full-text
reviewed (n = 35):

Same cohort (n = 6); Conference
abstract (n = 2 ); Other language
(n = 4); MM-associated AL (n =
4); Without detailed regimens or
outcomes (n = 17); Contain
other regimens (n =2)

Included studies (n = 24)
Controlled studies: 8
Single-arm studies: 16

Fig. 1. Study inclusion flowchart. ASCT, autologous stem cell transplantation;
MM, multiple myeloma.
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follow-up time of 20.0months (range 6.0-51.8). Seven studies
[27,30,32,34,36,37,43] included consecutive patients. Bortezomib was
given subcutaneously or intravenously with the highest dose of 1.6 mg/
m? and the lowest dose of 0.7 mg/m? (Supplementary Table 1). Once-
weekly (QW) bortezomib was reported in 2 studies [28,33], both from
China. A twice-weekly (BIW) schedule was executed in eleven studies,
and other studies combined the two schedules.

The quality of each study is presented in Supplementary Table 2. We
defined two years as a sufficient follow-up time. The inclusion of non-
exposed cohorts and comparison groups was not suitable for single-arm
studies. None of them received the highest score. We did not score the
two RCTs by the Jadad scale because they were not reported in the full
text. Overall, the methodological quality was poor.

4. Outcomes
4.1. Hematological response

All of the studies could be used to evaluate ORR. The pooled ORR
was 0.72 (95% CI, 0.67-0.77), with range from 0.36 [45] to 0.96 [29],
and there was a significant inter-trial heterogeneity (I = 59%,
P < .001, Fig. 2A). Sensitivity analysis excluding the studies with
fewer than 40 patients did not change the significant heterogeneity
(I? = 65%, P = .001), and the pooled ORR of the remaining studies was
0.73 (95% CI, 0.68-0.77). The funnel plot showed a symmetric dis-
tribution, and Begg's test indicated that there was no significant pub-
lication bias in the total-group analysis (P = .09, Supplementary
Fig. 1A). Data on CHR were reported in 22 studies, which excluded the
two RCTs, and the CHR ranged from 0.17 [39] to 0.71 [42]. The pooled
proportion of CHR was 0.35 (95% CI, 0.30-0.40), with significant
heterogeneity (I> = 65%, P < .001, Fig. 2B). Subgroup analyses were
performed according to the treating history, the frequency of using
bortezomib, and the number of combined drugs (Supplementary
Table 3). The results indicated that the frequency of using bortezomib
may have been the source of the heterogeneity.

There were 8 studies with active control reporting ORR. The pooled
RR was 1.28 (95% CI, 1.04-1.57, P = .02, Fig. 3A), significantly fa-
vouring bortezomib-based regimens. However, the inter-trial hetero-
geneity was significant (I = 61%, P = .01). Sensitivity analyses were
performed by excluding the 6 retrospective studies and the 4 studies

A

Overall response rate
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[17,28,29,34] that had small samples (fewer than 40 patients). No
significant heterogeneity (I*> = 0%, P = .75) and a superior ORR in the
bortezomib group (RR 1.46, 95% CI, 1.13-1.90, P = .004) were ob-
served in the two RCTs (Supplementary Fig. 2A). The large number of
patients in individual studies could not reduce the heterogeneity
(1? = 76%, P = .005, Supplementary Fig. 2B). Moreover, incorporation
of bortezomib (BMD) into the standard melphalan + dexamethasone
(MD) setting was related to a significantly improved ORR (RR 1.41,
95% CI, 1.17-1.69, P < .001, Supplementary Fig. 2C) according to the
3 studies that tested this [16,17,32]. Additionally, the funnel plot and
Begg's test for the 8 controlled studies demonstrated a low risk of
publication bias (P = .19, Supplementary Fig. 1B). For CHR, data were
available in six studies with active control. The pooled results sig-
nificantly favoured the bortezomib-based chemotherapies (RR 1.90,
95% CI, 1.45-2.50, P < .001, Fig. 3B), with no significant hetero-
geneity (I = 2%, P = .40).

4.2. Overadll survival

Time-to-event data were used to evaluate the OS in 6 studies. HRs
and 95% CIs were used to calculate O-E and V in 2 studies [29,30],
while observed events, number of analysed patients, and P value were
used in 3 studies [16,27,32]. There were no data on the calculation of
O-E or V directly in the study reported by Venner et al. [31], so we used
the Kaplan-Meier curve to assess essential data. Finally, a total of 303
patients in the bortezomib group and 294 patients in the non-borte-
zomib group were pooled for OS, and the HR was 0.82 (95% CI,
0.62-1.09, P = .17), indicating a statically nonsignificant difference in
survival benefit between the bortezomib and non-bortezomib groups
(Fig. 3C). No significant heterogeneity (I = 38%, P = .15) was ob-
served. Similar results were found in untreated patients [16,30-32] (HR
0.90, 95% CI, 0.67-1.20, P = .47, Supplementary Fig. 3). For the 2
studies [16,32] that compared BMD with MD, bortezomib was also not
associated with significantly improved OS (HR 0.78, 95% CI, 0.54-1.14,
P = .21) in patients with AL amyloidosis. Further analysis found that if
we excluded the study reported by Venner et al. [31], a significant
survival advantage (HR 0.72, 95% CI, 0.53-0.99, P = .04) would occur.

B

Complete hematological response

Study name Statistics for each study Event rate and 95% CI
Event  Lower  Upper
rate limit limit
Katoh 2017 0.900 0.676 0.975 —
Feng 2017 0.583 0.308 0.815 —_—T
Kastritis 2017 0.723 0.628 0.801 -
Shen 2017 0.753 0.653 0.831 -
Kastritis 2016 0.811 0.684 0.895 —-
Jimenez-Zepeda 2016 0.942 0.836 0.981 —
Huang 2016 0.750 0638  0.836 -
Shimazaki 2016 0.778 0.421 0.944 -
Sayago 2016 0.957 0.748 0.994 —
Palladini 2015 0.600 0535  0.661 =
Kastritis 2015 0.776 0.638 0.871 —i
Huang 2015 0.800 0.459 0.950 +—
Venner 2014 0.710 0.593 0.805 —-
Reece 2014 0.597 0.476 0.707 il
Palladini 2014 0.690 0.585 0.778 -
Dispenzieri 2014 0.600 0.200 0.900 —_——
Jaccard 2014 0.683 0.556 0.788 —
Lu2013 0.636 0.423 0.807 —t——
Venner 2012 0.814 0.670 0.904 —r—
Mikhael 2012 0.941 0.680 0.992 —_—
Lamm 2011 0.538 0350 0716 —
Coriu 2011 0.750 0.377 0.937 —_———
Zhai 2010 0.364 0.143 0.661 o
Kastritis 2010 0.720 0.621 0.802 -
Total 0.721 0673  0.765 *
0.00 0.50 1.00

Study name Statistics for each study Event rate and 95% CI

Event  Lower  Upper

rate limit limit

Katoh 2017 0.600 0.380 0.786 —1
Feng 2017 0.500 0.244 0.756
Kastritis 2017 0.248 0.173 0.341 L
Shen 2017 0.371 0.277 0.475 -
Jimenez-Zepeda 2016 0.288 0.182 0.425 -
Huang 2016 0.444 0.334 0.560
Shimazaki 2016 0.222 0.056 0.579 —GE_
Sayago 2016 0.522 0.325 0.712
Palladini 2015 0235 0184 0294 ]
Kastritis 2015 0.388 0.263 0.529 —i
Huang 2015 0.500 0.225 0.775
Venner 2014 0.406 0.297 0.525 —H
Reece 2014 0.254 0.164 0.371 -
Palladini 2014 0.425 0.326 0.531 -
Jaccard 2014 0.167 0.092 0.283 -
Lu2013 0.227 0.098 0.444 —-—
Venner 2012 0.395 0.262 0.546 —
Mikhael 2012 0.706 0.458 0.872
Lamm 2011 0.308 0.162 0.505 —i—
Coriu 2011 0.375 0.125 0.715
Zhai 2010 0.182 0.046 0.507
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Fig. 2. Forest plot of pooled hematological response: (A), overall response rate, (B), complete hematological response.
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Fig. 3. Forest plot of comparisons: bortezomib versus non-bortezomib. Outcomes: (A), overall response rate, (B), complete hematological response, (C), overall

survival.

4.3. Organ response

Data comparing cardiac response between bortezomib and non-
bortezomib groups were extracted from 5 studies. Sixty-four of the 193
patients treated with bortezomib had a cardiac response, compared to
25 of the 163 patients with other chemotherapies. The pooled results
revealed that bortezomib was associated with significantly improved
cardiac response in patients with AL amyloidosis (RR 2.03, 95% CI,
1.31-3.13, P = .002, Fig. 4A), and no heterogeneity % = 0%, P = .43)
was detected among the included studies.

However, only 3 studies compared bortezomib with non-bortezomib
on renal response, and the pooled results showed that using bortezomib
did not improve renal outcome (RR 0.90, 95% CI, 0.65-1.25, P = .54,
Fig. 4B). There was also no heterogeneity (I*> = 0%, P = .39). Meta-
analysis was not conducted on hepatic response, as only one study re-
ported the relevant data. Hepatic response occurred in 8 of 15 patients
in the cyclophosphamide + bortezomib + dexamethasone (CBD) co-
hort compared to 3 of 13 patients in the cyclopho-
sphamide + thalidomide + dexamethasone (CTD) cohort (P = .1) [31].

We also pooled the studies with or without active control for organ
response. Cardiac response rates ranged from 0% [45] to 60% [29],
renal response rates ranged from 11% [35] to 60% [37], and hepatic
response rates ranged from 0% [21] to 53% [31]. The pooled results are
listed in Table 3 and show that the proportions of organ response were

over 30% in the setting of bortezomib.

4.4. Adverse events

Among the 24 studies, four retrospective single-centre studies
[28,30,31,33] did not report any AE. Peripheral neuropathy was re-
ported in the remaining 20 studies and was the most widely reported
toxicity. Fifteen of the 20 studies reported all grades of peripheral
neuropathy and were pooled for occurrence rate (32.7%, 95% CI,
25.0%-41.5%). Thirteen of the 20 studies reported serious peripheral
neuropathy, and the pooled rate was 5.6% (95% CI, 2.7%-11.4%). Both
of the above analyses exhibited significant heterogeneity (I> = 73% for
15 studies, I> = 71% for 13 studies). On the other hand, no patient in
the non-bortezomib cohort developed peripheral neuropathy.

Hematological toxicity was reported in 10 studies. Other common
AEs were infection (8), herpes zoster (6), diarrhoea (6), fatigue (6),
hypotension (6), constipation (5), fluid retention (5), heart failure (5),
and renal dysfunction (5). Five studies [17,21,24,44,45] reported
overall toxicities of any grade, ranging from 62.5% [44] to 100%
[17,45], and were pooled for analysis. The pooled proportion was 0.87
(95% CI, 0.72-0.95) with significant heterogeneity (% = 60%,
P = .04). Overall, serious toxicities were reported in 6 studies
[16,17,21,24,32,44], with rates ranging from 21.8% [32] to 61.4%
[21], and the pooled result was 0.43 (95% CI, 0.27-0.61), with
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Fig. 4. Forest plot of comparisons: bortezomib versus non-bortezomib. Outcomes: (A), cardiac response, (B), renal response, (C), serious adverse events.

Table 3
Pooled organ response.

Organ Studies Response rates (95% CI) s P for heterogeneity
Kidney 15 0.351(0.276-0.435) 74.3% < 0.001

Heart 15 0.312(0.244-0.390) 74.8% < 0.001

Liver 10 0.328(0.249-0.419) 0% 0.545

significant heterogeneity (I> = 87%, P < .001).

Only 3 studies [16,17,32] compared bortezomib with other regi-
mens on overall serious toxicities. In total, 54 of the 145 patients in the
bortezomib group had serious toxicities, compared to 44 of the 150
patients in the non-bortezomib group. The pooled RR was 1.29 (95% CI,
0.95-1.75, P =.10), with no heterogeneity (1% = 0%, P = .56). Al-
though this difference was not statistically significant, there was a trend
towards increased serious AEs from the triple combination (Fig. 4C).
The detailed bortezomib-based regimen-associated AEs are listed in
Supplementary Table 4.

4.5. Other outcomes

We further investigated the efficacy of QW and BIW bortezomib in
patients with AL amyloidosis. Data were extracted from 6 and 3 studies
for comparing QW and BIW bortezomib on ORR and CHR, respectively.
The results revealed that increased frequency of bortezomib was not
associated with improved hematological response rate (RR 0.89, 95%
CI, 0.77-1.04, P = .15 for ORR; RR 0.80, 95% CI, 0.43-1.49, P = .49
for CHR; Fig. 5A and 5B). However, for time-to-event data, the pooled
HR of the 3 studies indicated that QW led to an improvement in survival
(HR 0.52, 95% CI, 0.27-0.99, P = .05, Fig. 5C). Notably, in the pooled
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results, the number of patients using BIW bortezomib was about twice
the number of patients using QW bortezomib.

History of treatment (untreated vs pretreated) was also compared
for ORR. Six studies were analysed and the results showed that primary-
setting patients were more prone to respond to bortezomib than re-
current- or refractory-setting patients (RR 1.23, 95% CI, 1.03-1.45,
P = .02, Supplementary Fig. 4).

5. Discussion

Our meta-analysis revealed that bortezomib-based regimens could
offer reasonable ORR, CHR, and organ response in patients with AL
amyloidosis. Furthermore, bortezomib was able to improve ORR, CHR,
and cardiac response compared with other regimens. However, pooled
analysis showed no difference in OS between bortezomib and non-
bortezomib groups due to some potential limitations. Additionally,
treatment of AL amyloidosis with QW bortezomib seemed to be asso-
ciated with higher OS but without improved ORR and CHR.

We performed this meta-analysis on 24 studies, of which 8 studies
compared bortezomib with other regimens. Together, this review in-
cluded a total of 1228 AL amyloidosis patients treated with bortezomib
and 301 patients with other therapies as a control. Our study showed a
pooled ORR of 72.1% and a pooled CHR of 34.7%, higher than most of
the data previously reported in ASCT trials [46]. The survival time was
shorter in the bortezomib groups than in the ASCT trials. However,
ASCT and bortezomib were reported in different settings with limited
comparability. In our study, compared with other therapies, bortezomib
was associated with higher ORR, CHR, and cardiac response in patients
with AL amyloidosis, all of which have been validated to be important
prognostic risk factors for survival [47].
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Fig. 5. Forest plot of comparisons: once weekly versus twice weekly. Outcomes: (A), overall response rate, (B), complete hematological response, (C), overall

survival.

According to the PRISMA statement, HR is the optimum measure to
pool time-to-event data because it takes both the number of events and
the time to event into account [13,48]. Therefore, we polled HRs of the
survival to present more reliable results. No survival benefit was con-
firmed in our study. The small sample size, short follow-up time
(median 25.0 mo, range 12.7-57.0 mo for the 8 controlled studies),
different incidence of AEs in the two groups, and loss of data in some
studies may account for this perplexing phenomenon. Notably, we
found that one study was not consistent with the other five studies in
survival tendency, and if we removed it from the analysis, bortezomib
would show a significant survival advantage. In that study [31], they
presented a matched comparison of CBD and CTD at the National
Amyloidosis Centre in London, with 3.7 and 3.8 cycles received, re-
spectively. However, 13 patients in the CTD cohort switched to a bor-
tezomib-based regimen after cycle 3, and the follow-up time in the CTD
group was twice as long as that of CBD. Although there was no sig-
nificant difference in OS, patients who received CBD had a superior
progression-free survival over those who received CTD (28 mo vs
14 mo). Briefly, the efficacy of bortezomib in patients with AL amy-
loidosis has not been definitely confirmed and needs to be further ex-
plored.

Details of AEs were either absent or inconsistently reported among
the included studies, making it difficult to evaluate the toxicities sys-
tematically. However, data from the 3 studies [16,17,32] that com-
pared BMD with standard MD showed that the addition of bortezomib
might be associated with severe toxicities, even if this was statistically
not significant. It is reported that peripheral neuropathy is a major
dose-limiting factor of bortezomib [49]. The pooled incidences of all-
grade and high-grade peripheral neuropathy of bortezomib in the AL
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amyloidosis setting were 32.7% and 5.6%, respectively, which are in
accordance with the 33.9% and 8.1% in the MM and lymphoma setting
[50].

QW seemed to be better than BIW in clinical benefit. One phase 1/2
study [21] (CAN2007) reported that the hematological response rate
was comparable between QW and BIW, but QW single-agent borte-
zomib was better tolerated than BIW in terms of toxicities. The results
of our included studies revealed that there was considerable discretion
about frequency, and BIW was still the most widely used administration
in most areas. We pooled the studies that reported the comparison of
QW and BIW as best we could. The pooled proportions of ORR and CHR
were similar between the two groups. However, the pooled HR for
survival obtained from 3 studies significantly favoured the QW group.
We imagine that the higher rate of toxicities in the BIW group and the
inconsistency of pooled studies in each analysis may have led to these
contradictory results. It is regrettable that we could not obtain a com-
parison of toxicities between the QW and BIW groups. Therefore, there
was no powerful evidence to prove one was more toxic than the other.

Subcutaneous bortezomib has not been systematically studied in
patients with AL amyloidosis. One randomized phase 3 study found that
subcutaneous bortezomib was not inferior to the standard intravenous
administration with respect to treatment efficacy but showed an im-
proved safety profile in the treatment of relapsed MM [51], and the
subcutaneous formulation was approved in 2012. However, there were
only a few centres using bortezomib by subcutaneous injection to treat
patients with AL amyloidosis, and it is impossible to compare different
routes of bortezomib according to our included studies.

There were several limitations that cannot be ignored in this sys-
tematic review. First, the quality of the included studies was low. There
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were only 2 RCTs and 2 prospective phase 1/2 studies among the 24
studies. Among the 6 retrospective studies with controls, two matched
comparisons reduced the uncertainty of the results to some extent but
could not overcome the retrospective nature. After searching
ClinicalTrials.gov, there were no ongoing studies comparing borte-
zomib with other regimens under the AL amyloidosis setting, and it is
hard to run more good-quality trials within a short period. Therefore,
there is an urgent need to conduct more high-quality studies. Second,
due to the low probability of publishing negative results, publication
bias could not be completely avoided. However, the funnel plot seemed
symmetrically distributed, and Begg's test revealed that there was no
significant publication bias among the 24 studies, nor among the 8
studies with active controls. Third, there was a paucity of data on AEs,
with only 8 studies [17,21,24,27,35,37,43,45] reporting relatively de-
tailed toxicities. On the other hand, different studies reported toxicities
in different forms (e.g., different grades, different terminology). It was
hard to pool every AE in the bortezomib group, let alone compare them
with the AEs of other treatments. Maybe we could overcome this lim-
itation by conducting prospective trials. Fourth, the unavoidable var-
iation in the dose/frequency/route/cycles of bortezomib, the use of
combined drugs, the severity of the selected patients, and the evalua-
tion criteria introduced great heterogeneity into the pooled results. This
suggests that we need to unify the treatment protocols in future clinical
trials. Finally, there was a short follow-up time, but long follow-up is
essential for assessing survival outcome in original studies. All of these
limitations need to be countered in future studies.

In conclusion, our analyses revealed that bortezomib-based regi-
mens offered reasonable ORR, CHR, and organ response in patients
with AL amyloidosis. They also showed advantages in ORR, CHR, and
cardiac response over none bortezomib regimens. The survival benefit
of bortezomib in treating AL amyloidosis patients needs to be verified in
more good-quality studies. Moreover, the clinician needs to explore the
standardized protocol of using bortezomib in patients with AL amy-
loidosis. Our meta-analysis indicates that bortezomib-based regimens
might be effective therapies for AL amyloidosis patients who are not
eligible for or refuse ASCT, with acceptable toxicities. Further well-
designed RCTs are needed to provide high-quality evidence.
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