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Background

Bortezomib administration leads to a transient decrease in CD4" T cells, increasing the
susceptibility to opportunistic infections. The activation and proliferation of CD4" T cells
are particularly important in the host’s defense against tuberculosis infection. The aim
of this study was to determine the incidence and clinical significance of tuberculosis in-
fection in patients with multiple myeloma (MM) treated with a bortezomib-containing
regimen.

Methods

We retrospectively investigated the incidence of Mycobacterium tuberculosis in 115 pa-
tients with MM who were given a bortezomib-containing regimen and studied the disease
prognosis.

Results

All patients received chemotherapy prior to bortezomib administration, and the median
duration from diagnosis to bortezomib administration was 12.4 months (range, 0.2-230).
We diagnosed tuberculosis in 8 patients (8/115, 7%): 7 patients had a pulmonary gran-
ulomatous lesion prior to chemotherapy and 1 developed reactivation of tuberculosis,
but none of them died of uncontrolled tuberculosis infection. In 50% of patients with tu-
berculosis, bortezomib-containing therapy was interrupted. This resulted in significantly
lower response rates to the bortezomib-containing therapy (P <0.05) and significantly
shorter overall survival times amongst tuberculosis vs. non-tuberculosis patients
(P=0.017).

Conclusion

Tuberculosis infection was not uncommon among the patients with MM who were treated
with bortezomib-containing therapy, and tuberculosis infection in these patients resulted
in an interruption of bortezomib administration, which significantly affected patient
outcomes. Therefore, early diagnosis and treatment of tuberculosis infection are critical
to avoid worsening outcomes in such patients.
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INTRODUCTION

thought to have latent M. tuberculosis, while an estimated
9 million people develop active disease from M. tuberculosis
every year [1, 2]. The progression from latent to active TB

Tuberculosis (TB), caused by an infection of Mycobacter-
Ium tuberculosis, is the the most common cause of death
from a single infectious agent among adults. Approximately
one-third of the world’s population (2 billion people) is

commonly occurs in immunocompromised patients and is
mainly related to dysfunctional cell-mediated immunity.
Moreover, hematologic malignancies such as leukemia or
lymphoma are thought to be risk factors for TB infection
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during cytotoxic chemotherapy [3]. Multiple myeloma (MM)
is known to be associated with the immune abnormality
hypogammaglobulinemia, which primarily affects humoral
immunity. Recent studies suggested that the number of CD4"
T cells in MM patients is reduced at initial diagnosis and
that the decline in CD4" T-cell number was more severe
in patients with refractory MM [4]. In addition, chemo-
therapeutic regimens for MM are known to induce immuno-
suppression.

Bortezomib is a proteasome inhibitor and one of the novel
agents used in the treatment of MM. Bortezomib is known
to induce apoptosis in rapidly proliferating and neoplastic
cells, and a recent study showed that bortezomib prevents
the activation of nuclear factor (NF)-kappa B. This leads
to the inhibition of T-cell activation, including that of CD4"
T cells, which fulfill essential immune functions [5, 6].
Activation and proliferation of CD4" T cells are crucial to
the host’s defense against TB infection [7]; thus, the sup-
pression of T-cell immunity resulting from bortezomib-con-
taining treatments potentially increases the risk of TB in
MM patients [8]. The aim of our study was to investigate
the incidence of TB in MM patients treated with a bortezo-
mib-containing regimen.

MATERIALS AND METHODS

We retrospectively investigated the incidence of TB in-
fection in 115 patients diagnosed with MM, who were treated
with bortezomib-containing salvage chemotherapy between
November 2004 and July 2010. Eighty-two patients received
treatment with bortezomib (1.3 mg/m’ i.v. on days 1, 4,
8, and 11), cyclophosphamide (150 mg/m’ orally on days
1-4), thalidomide (50-100 mg/day orally every day), and
dexamethasone (20 mg/m” i.v. on days 1, 4, 8, and 11 every
3 weeks) (Vel-CTD), while 33 patients were given Vel-CD;
Vel-CD is similar to Vel-CTD but does not contain thalido-
mide [9]. We retrospectively reviewed the medical records,
including the clinical history, chest radiographs, and com-
puted tomography (CT) scans prior to bortezomib-containing
chemotherapy to assess evidence of previous TB infection
and possible reactivation of the disease in the patients. TB
was diagnosed on the basis of respiratory symptoms, chest
CT scans, sputum M. tuberculosis culture, or acid-fast bacillus
microscopy. Bronchoalveolar lavage or transbronchial biopsy
was also performed for the diagnostic work-up in some pa-
tients suspected of having TB. We then investigated the
clinical outcome, the control of myeloma tumor burden,
and the cumulative dose of bortezomib in MM patients with
a confirmed diagnosis of TB. We used the International
Myeloma Working Group (IMWG) uniform response criteria
to assess the treatment response in MM patients [10].

Categorical data and continuous variables were assessed
using Fisher’s exact and the Mann-Whitney U-tests,
respectively. Overall survival (OS) was defined as the ini-
tiation of bortezomib-containing treatment to the date of
the last follow-up or death. OS was analyzed using Kaplan-

Meier survival curve estimates, and the differences between
patients with (TB+) and without TB (TB-) was compared
using stratified log-rank tests. A value of £<0.05 was consid-
ered statistically significant, and 95% confidence intervals
were reported. All statistical analyses were performed using
Statistical Package for the Social Sciences version 17.0 (SPSS,
Chicago, IL, USA).

RESULTS

The median age of patients was 63 years (range, 39-82
years). All patients received chemotherapy prior to the ini-
tiation of a bortezomib-containing regimen, and the median
number of prior regimens was 1 (range, 1-4). Patients re-
ceived a median of 8 (range, 1-22) cycles of bortezomib-con-
taining salvage chemotherapy. The median duration from
diagnosis of MM to the bortezomib-containing chemo-
therapy was 12.4 months (range, 0.2-230 months), and 24%
of patients previously received autologous stem cell trans-
plantation (Table 1). Neither interferon-y release assay
(IGRAs) nor TB skin test was performed prior to the initiation
of bortezomib-containing therapy. All patients were rou-
tinely evaluated for TB infection using simple chest radiog-
raphy at the start of bortezomib-containing salvage chemo-
therapy, and 13 (11.3%) of the 115 patients underwent chest
CT for the evaluation of associated lung abnormalities. One
patient was diagnosed with active pulmonary TB prior to
receiving bortezomib-containing chemotherapy, while 8
(7%) of 115 patients were diagnosed with TB infection during
bortezomib-containing treatment (Table 1). The median du-
ration from the start of bortezomib-containing treatment
to the confirmed diagnosis was 58 days (range, 7-247 days).
In all the patients who were diagnosed with TB during borte-
zomib-containing treatment, pulmonary infiltration was de-
tected using chest CT. In 5 of these patients, TB infection
was documented through sputum culture and in 1 patient,
through sputum acid-fast bacillus microscopy. Two patients
were diagnosed without bacteriologic confirmation because
it was not possible to perform bronchoscopic evaluation due
to grade 4 asthenia; nevertheless, the typical characteristics
of TB on CT, such as bronchiectasis and centrilobular nodules
with branching linear structures (tree-in-bud opacities) were
observed. In addition, clinical symptoms were consistent
with TB, and these patients did not have evidence of other
non-TB diseases. Seven of the 115 patients showed signs
of previous pulmonary granulomatous lesions at diagnosis
of MM, but only 1 patient experienced reactivation of TB
during bortezomib treatment. The baseline characteristics
of patients enrolled in the study are reported in Table 1.

There was no statistical difference in age, performance
status, paraprotein subtype, stage at the start of bortezo-
mib-containing chemotherapy, and prior treatment between
patients with (TB+) or without TB infection (TB-). The male
gender was more frequently associated with TB+ (P=0.02).
The median duration from the diagnosis of MM to the ini-
tiation of a bortezomib-containing regimen was 12.4 months
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Table 1. Patient characteristics and the results of bortezomib-containing chemotherapy in patients with and without tuberculosis infection.

Characteristics Total No. TB (-) group TB (+) group P
Characteristics at start of bortezomib-containing chemotherapy
Number of patient 115 107 8
Median age, years (range) 66 (41-82) 66 (43-82) 68 (41-78) 0.89
Gender, male, N (%) 55 (48) 48 (46) 7 (88) 0.02
ECOG performance status, N (%) 0.25
0 51 (44) 49 (46) 2 (25)
1 35 (31) 33 (31) 2 (25)
2 21 (18) 17 (16) 4 (50)
3 8 (7) 8 (7) 0
Months from diagnosis, median (range) 12.4 (0.2-230) 13.1 (0.2-230) 12.4 (0.2-28.3) 0.28
Paraprotein type, N (%)
IgG 67 (58) 63 (59) 4 (50)
IgA 28 (24) 25 (23) 3 (38)
Light chain (kappa or lambda) 20 (18) 19 (18) 1(12) 0.75
ISS stage, N (%) N=113 N=105 N=8 0.25
I 62 (55) 60 (57) 2 (25)
|| 35 (31) 30 (29) 5 (63)
1 16 (14) 15 (14) 1(12)
Prior treatment regimen, median (range) 1(1-4) 1(1-4) 2 (1-3) 0.83
Prior autologous stem cell transplantation, N (%) 26 (24) 25 (23) 1(12) 0.48
Prior thalidomide treatment, N (%) 96 (84) 90 (84) 6 (75) 0.50
Result of bortezomib-combined chemotherapy
No. of bortezomib-based cycles, median (range) 8 (1-22) 8 (1-22) 4 (1-9) 0.051
Bortezomib based chemotherapy 0.57
Vel-CTD 82 (71) 77 (72) 5 (63)
Vel-CD 33 (29) 30 (28) 3(37)
Bortezomib cumulative dose (mg/mz) 35.0 (3.9-114.4) 36.8 (3.9-114.4) 18.4 (11.4-41.6) 0.062
Best treatment response
=>CR 53 (46) 53 (49) 0 0.007
=>VGPR 61 (53) 60 (56) 1(12) 0.017
=>PR 94 (84) 92 (86) 5(62) 0.078
<SD 16 (16) 15 (14) 3 (38)

P value is the comparison according to the tuberculous infection. ”P value is the comparison according to the intact immunoglobulin versus

light chain disease.

Abbreviations: TB, tuberculosis; ECOG, Eastern Cooperative Oncology Group; ISS, international staging system; Vel-CD, bortezomib,
cyclophosphamide, and dexamethasone; Vel-CTD, vel-CD and thalidomide; CR, complete response; VGPR, very good partial response; PR,

partial response; SD, stable disease.

in TB+ patients and 13.1 months in TB- patients (P=0.28).
There was no difference according to the treated combination
chemotherapies between groups (Table 1). All TB+ patients
were treated with combination of isoniazid, ethambutol, ri-
fampicin, and pyrazinamide (HERZ), and the intention was
to treat all patients with this anti-TB regimen for a period
of 6 months. However, all but 3 of the TB+ patients died
of disease progression within the 6-month treatment period
(Table 2), and only the surviving 3 completed the 6-month
anti-TB regimen. None of the patients died of uncontrolled
pulmonary TB infection; however, 4 patients had to dis-
continue bortezomib treatment because of grade 3 or 4
asthenia. TB+ patients received a median of 4 cycles of borte-
zomib-containing chemotherapy, and the cumulative dose
of bortezomib was 18.4 mg/m’ (range, 11.4-41.6 mg/m?).
The TB+ patients tended to interrupt bortezomib-containing
therapy. Patients who interrupted bortezomib-containing
therapy experienced MM progression within a few months.
The best response rate was significantly lower in the TB+
group (Table 1). The median duration of follow-up for all
patients was 21.1 months (range, 5.5-75 months). The me-

dian OS was 11.0+2.6 months (95% CI: 5.8-16.1 months)
and 30.9+6.1 months (95% CI: 18.9-42.9 months) in the
TB+ and TB- groups, respectively (P=0.017) (Fig. 1).

DISCUSSION

The treatment outcomes of novel agents for MM are prom-
ising, but these therapies are thought to have specific tox-
icities that differ from traditionally used agents. Bortezomib
is known to have important adverse effects, including periph-
eral neuropathy, myelosuppression, and gastrointestinal
disturbances. Heider er al [6] reported a decline of CD4"
T cells in 77% of MM patients who were treated with
bortezomib. In addition, the median CD4" lymphocyte count
significantly declined in all patients. Considering these re-
sults, the occurrence of herpes zoster in patients with MM
treated with bortezomib could be explained by the decline
in CD4' counts. The effect of bortezomib treatment could
potentially also influence the susceptibility of these patients
to infections associated with low CD4" T cells, such as M.
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showed disease progression within 5 months after initiation
of an anti-TB regimen. The remaining 2 patients received
continuous treatment for MM, and they were alive at the
last follow-up. Patients with TB tended to receive fewer
cycles of chemotherapy and lower bortezomib cumulative
dosages compared with patients without TB, although stat-
istical significance was not reached. We speculate that fewer
cycles of chemotherapy and lower bortezomib cumulative
dosages would affect best response rates and survival in MM
patients with TB. Our findings emphasize that effective
screening and early diagnosis for pulmonary TB infection
are important in the treatment of MM patients. We propose
that chest radiography screening should be performed prior
to bortezomib treatment for the detection of healed or active
pulmonary TB lesions. Even though skin testing with purified
protein derivative of tuberculin (TST) is widely used to screen
latent M. tuberculosis infection, it has relatively low sensi-
tivity and specificityand is not possible to discriminate be-
tween latent infection and active disease. IGRAs are more
specific than TST in terms of less cross-reactivity with BCG
vaccination [1, 17]. Therefore, screening with IGRAs for
patients with MM prior to bortezomib-containing chemo-
therapy should be considered in the diagnosis of latent
tuberculosis. In addition, isoniazid prophylaxis should be
given, if the IGRAs screening test results are positive. A
key factor in the diagnosis of TB is a high degree of suspicion.
If patients show pulmonary symptoms and have radiologic
findings of atypical pulmonary infiltration during bortezo-
mib-containing chemotherapy, active TB should be sus-
pected and early diagnostic procedures such as sputum exami-
nation and chest CT should be performed.
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