
CORRESPONDENCE

Long-Term Efficacy and Safety of Zoledronic
Acid in the Treatment of Skeletal Metastases
in Patients with Nonsmall Cell Lung
Carcinoma and Other Solid Tumors

Rosen and colleagues recently concluded that zoledronic acid dem-
onstrated long-term safety and efficacy in cancer patients with

skeletal metastases.1 They used Kaplan–Meier estimates to demon-
strate that the incidence of renal dysfunction among patients who
were receiving zoledronic acid did not differ statistically from the
incidence among patients who were receiving a placebo. They also
stated that zoledronic acid had “broad efficacy” in the treatment of
bone metastases and that hypercalcemia was prevented completely,
whereas it occurred in 4% of patients in the control arm.

However, what also should have been addressed is the fact that
the trial was not powered to detect the capability of zoledronic acid in
causing renal dysfunction. With marketed use of the drug to a large
number of patients, zoledronic acid clearly is associated with neph-
rotoxicity. Many patients require dialysis or die from this complica-
tion despite receiving the recommended dose and infusion time.2

Moreover, severe hypocalcemia, painful avascular necrosis of the
jaws, and endophthalmitis have been reported.3–5 In an actual long-
term setting, the agent does not appear to be as safe as the authors
imply.

Nor is it “highly effective,” as claimed. The inability of zoledronic
acid to improve survival—the most important endpoint in a cancer
trial—was addressed parsimoniously in a single sentence. In addition,
its failure to improve the overall quality of life of patients was left
unmentioned. Pain continued to increase throughout the trial period.
The fact that zoledronic acid helped prevent hypercalcemia, indeed,
should be considered with caution. It may be unwise to treat certain
patients with terminal disease who develop hypercalcemia and som-
nolence, when they will wake up only to experience pain and suffer-
ing.

Questionably safe and ambiguously effective, zoledronic acid also
is burdensome. Despite a 15-minute infusion time, the patients have
to wait for blood test results first, spending a good portion of their
already limited days in our offices. At a cost of $795 per 4-mg dose—
almost $300,000 for a single quality-adjusted life year when used in
patients with prostate carcinoma—it is not cost effective, posing a
great burden to our society.6

Finally, the authors should provide data to support that
zoledronic acid should be administered at the first occurrence of
skeletal metastases. Theoretically, patients with previous skeletal
complications should derive a better risk-benefit ratio. In my view,
serious consideration should be taken before subjecting a patient to
this therapy. I believe that further studies are needed to identify an
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even lower dose and frequency that may be equally
effective as the approved dosage.
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Author Reply

A lthough Dr. Tanvetyanon states correctly that
zoledronic acid—in common with all intravenous

bisphosphonates— has the potential to affect renal
function, I take issue with the assertion that
“zoledronic acid is not as safe as [we] imply.” In our
double-blind, placebo-controlled trial of 773 patients
with lung carcinoma or other solid tumors, the inci-
dence of adverse events was similar among patients
who were randomized to receive either 4 mg
zoledronic acid or placebo. In particular, the inci-
dence of Grade 3 serum creatinine increase was 1.8%
for both the 4-mg zoledronic acid group and the pla-
cebo groups over 21 months. Furthermore, in a 25-
month study of 1648 patients with breast carcinoma or
multiple myeloma, the incidence of Grade 3 or Grade
4 serum creatinine increase was 0.4% for 4 mg
zoledronic acid versus 1.9% for 90 mg pamidronate.1

Overall, the zoledronic acid Phase III clinical trial pro-
gram evaluated � 3000 patients worldwide and found
no evidence of a significantly increased risk of im-
paired renal function among patients with bone me-
tastases from solid tumors who were treated with 4 mg
zoledronic acid (as a 15-minute infusion) for up to 2
years. Dr. Tanvetyanon claims that “many patients
require dialysis or die from this complication despite
receiving the recommended dose and infusion time
[of bisphosphonates]”; however, in his referenced ci-
tation (Chang et al., 20032), 72 cases of renal failure
were reported among � 430,000 patients who were
treated over a 2-year period, and there are many other
compounding factors that may have caused renal fail-
ure in those patients with advanced malignancies (re-
ply to Chang et al., 20032). Dr. Tanvetyanon also cites
infrequent case reports of uveitis, hypocalcemia, and
avascular necrosis of the jaw as further proof of
zoledronic acid’s “questionable” safety profile. How-
ever, reports of symptomatic hypocalcemia and uve-
itis are infrequent, and a direct causal relation be-
tween zoledronic acid and osteonecrosis of the jaw
has not been established.

Zoledronic acid is indicated for the prevention of
skeletal complications from bone metastases second-
ary to any solid tumor in � 70 countries. It is the only
bisphosphonate that has such broad regulatory ap-
proval. The skeletal complications that zoledronic acid
prevents can cause significant morbidity in large num-
bers of patients and have been linked to significant
declines in health-related quality of life and decreased
survival.3,4 Moreover, zoledronic acid significantly re-
duces bone pain compared with placebo in patients
with breast or prostate carcinoma. Therefore, I dis-
agree that zoledronic acid is “burdensome to our so-
ciety.”

Finally, Dr. Tanvetyanon suggests that a better
risk-benefit ratio might be achieved by delaying treat-
ment with zoledronic acid until after a patient has
experienced a skeletal complication. There is no evi-
dence that this would improve the risk-benefit ratio.
Patients with no prior events still are at substantial risk
of debilitating skeletal complications. The American
Society of Clinical Oncology has published consensus
treatment guidelines—regarding the use of bisphos-
phonates for the treatment of patients with osteolytic
lesions from multiple myeloma5 or bone metastases
from breast carcinoma6—that specifically recommend
initiation of either intravenous zoledronic acid or
pamidronate at the first sign of bone destruction on
plain radiographs. Therefore, early intervention with
zoledronic acid seems a more rational approach than
delaying treatment until skeletal integrity is compro-
mised severely.
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Assessment of Humoral Immunity
to Poliomyelitis, Tetanus, Hepatitis
B, Measles, Rubella, and Mumps in
Children after Chemotherapy

Z ignol et al.1 reported data regarding residual im-
munity in 192 Italian children with cancer who

were ages 1–18 years. After a median interval of 15
months from the time of chemotherapy and at least 6
months from the last transfusion, the presence of pro-
tective antibody titers was 93% for polio, 86% for tet-
anus, 54% for hepatitis B virus, 75% for measles, 74%
for mumps, and 76% for rubella. Because the admin-
istration of one booster led to a protective titer in all
subjects, the authors concluded that administering a
polyvalent booster to all patients, even without prior
screening, is safe and cost-effective.

We conducted a similar study in 70 children
ages 4 –16 years who were treated for leukemia in 2

different Italian oncology centers.2 Antibody titers
against hepatitis B and tetanus, chosen as markers
of immunologic reconstitution, were evaluated after
a median of 12 months from the end of chemother-
apy, and proved to be protective in 85% and 82% of
patients, respectively. Because the proportion of
protected subjects we observed was similar to what
is observed in healthy subjects of comparable age,
we suggested continuing the schedule on the basis
of the patients’ age.

Comparing the two studies, the conclusions with
regard to attitudes toward vaccination are clearly in-
fluenced by the differences in the proportion of pa-
tients with protective titers against hepatitis B virus
(54% vs. 82%); conversely, the proportion of patients
with protective antitetanus antibodies was found to be
similar. The percentage of patients with nonprotective
antibody levels for measles, mumps, and rubella most
likely is similar to what is observed in children of
comparable age.3 We have no clear explanation for the
differences we observed because the patients in the
three Italian centers received vaccinations on the basis
of the same schedule as well as the same antineoplas-
tic therapy.

Zignol et al.1 most likely performed the vaccina-
tion screening study in an older population and per-
haps before complete immune reconstitution, at least
with regard to leukemia patients.4,5 Because these re-
sults lead to opposite vaccination attitudes (i.e., to
booster with the risk of overtreating or not to booster),
with the possible risk of acquiring the disease, we
cannot consider any of the currently available studies
to be conclusive. Furthermore, we believe that only an
ad hoc designed, prospective, case– control study that
also includes healthy patients of comparable age
could provide the correct answer to this neverending
question.
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We read with interest the article by Zignol et.al.,1 in
which the authors report on a retrospective single-

center study of humoral immunity to vaccine-prevent-
able diseases in 192 children after chemotherapy. It is
interesting to note that loss of protective serum antibod-
ies to hepatitis B was observed in nearly half the patients.
However, protective antibodies against polio and teta-
nus were lost in only approximately 10% of patients. In
the vast majority of patients, a single booster 12 months
after the end of chemotherapy was reportedly effective
in restoring humoral immunity.1 However, until valid
conclusions regarding the clinical management of hu-
moral immunity can be drawn, several aspects of this
study should be discussed critically.

It is interesting to note that follow-up titers for diph-
theria, which were determined at the time of the first
hospital admission, were not reported in the study by
Zignol et al. However, it should be noted that, according
to other studies, humoral response to diphtheria can be
significantly compromised after chemotherapy, as dem-
onstrated by reports of nonprotective or marginally pro-
tective titers in 20% and 70% of patients, respectively.2–4

In addition, in other studies, up to 72% of patients
were found to demonstrate a loss of immunity against
polio.2,3 However, it should be taken under consider-
ation that in these studies, the timepoint of antibody
determination varied between 0 –18 months after the
end of therapy.

In approximately 80% of patients, single revacci-
nation 3–5 months after the cessation of chemother-
apy is reported to be successful.3 However, this obser-
vation stands in contrast to our own experience,
namely that patients with acute lymphoblastic leuke-

mia develop sufficient antibody titers against diphthe-
ria in only 30% of cases after the first vaccination and
60% of cases after the second vaccination,4 adminis-
tered 12 months after chemotherapy.

It has been shown that, compared with healthy
children, pediatric cancer patients are at a signifi-
cantly increased risk of infection with Haemophilus
influenzae type B. The response to vaccination in chil-
dren after chemotherapy has demonstrated that im-
munogenicity is significantly lower compared with
that in healthy children and depends greatly on the
duration and intensity of anticancer treatment.5

In general, revaccination as soon as possible ap-
pears to be the best protection for children after che-
motherapy. However, to our knowledge there is no
consensus regarding the optimal timing of revaccina-
tion, and recommendations vary from between 3–12
months. To some degree, this uncertainty is a result of
the lack of data concerning the influence of immune
reconstitution on responses to revaccination after
chemotherapy. In our opinion, prospective studies
must be initiated that may clarify which pediatric can-
cer patients should be revaccinated at which time-
point and against which preventable disease. These
studies then may help in the development of evi-
dence-based recommendations.
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Effect of vaccination on immune reconstitution after main-
tenance therapy in low/high risk ALL patients [abstract PD
028]. Med Pediatr Oncol. 2003;41:308.

5. Shenep JL, Feldman S, Gigliotti F, et al. Response of immu-
nocompromised children with solid tumors to a conjugate
vaccine for Haemophilus influenzae type b. J Pediatr. 1994;
125:581–584.

Hans-Jürgen Laws, M.D.
Gabriele Calaminus, M.D.
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Author Reply

Recently we demonstrated that, after chemother-
apy, pediatric patients frequently lose the protec-

tive humoral immunity induced by vaccination, with
the degree of loss varying according to the type of
vaccination (52% for hepatitis B, 25% for measles, 21%
for mumps, 18% for rubella, 13% for tetanus, and 8%
for polio).1 It is interesting to note that the adminis-
tration of a booster vaccination to 51 patients enabled
all but 3 patients to recover protective antibody titers.

In their study, Fioredda et al. did not find a com-
parable percentage of loss of hepatitis B antibody in a
smaller study conducted at two other Italian pediatric
centers.2 In view of this, they suggest continuing the
vaccination schedule on the basis of the patient’s age
and do not advocate any booster immunizations. In
contrast to our study, the effect of chemotherapy on
the loss of protective antibody titers is not clear from
these data because of the lack of any assessment of the
patient’s serologic status before chemotherapy. Differ-
ences in patient age at the time of diagnosis, type of
malignancy, chemotherapy protocol, and the time to
assessment of the antibody levels after the completion
of chemotherapy may explain in part the differences
between the two studies. Regardless, a major impair-
ment of humoral immunity against hepatitis B has
been reported previously in other immunocompro-
mised patients such as those who are positive for the
human immunodeficiency virus and patients under-
going hemodialysis.3,4

Conversely, Laws et al. state that higher losses of
protective antibody titers have been observed in chil-
dren after chemotherapy (20 –70% of children for
diphtheria and in up to 72% of children for polio).
These authors consider that revaccination is the best
tool with which to reconstitute protective antibody
titers, although their reported response rate was as
low as 30% after the first booster and only 60% after a
second booster vaccination for diphtheria.5 These
data suggest that standard nonmyeloablative chemo-
therapy can definitely delete specific memory B-cell
clones obtained by vaccination and that no spontane-
ous recovery is expected. This point requires further
confirmation but, if true, the lack of epidemiologic
data concerning the incidence of vaccine-preventable
diseases among children after chemotherapy may re-

duce the strength of the case for revaccination. In
other words, we do not know whether these children
are really at risk of developing such diseases or if the
immunity of the rest of population will protect them,
at least for diseases such as diphtheria and polio.6

The different opinions expressed by several au-
thors clearly reflect the diversity of data regarding
vaccine-specific immune recovery after standard che-
motherapy. This point is crucial to deciding which
strategy of (re-)immunization after chemotherapy (if
any) is needed and further prospective studies con-
cerning this important issue are advocated.
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