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Use of Cox regression with treatment status as a time-
dependent covariate to re-analyze survival benefit excludes
immortal time bias effect in patients with glioblastoma who
received prolonged adjuvant treatment with valganciclovir
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In a letter to the Editor, Liu and Hu' commented on our
studies demonstrating a potential survival benefit in glioblas-
toma patients who received prolonged treatment with valgan-
ciclovir for cytomegalovirus (CMV) infection in their
tumor™” as add on to their standard oncology treatment. Liu
and Hu raised the question of whether so-called immortal-
time bias could explain the highly improved survival
observed in treated patients. Indeed, with a retrospective
design and a definition of exposure that requires a minimum
time of exposure, there is a risk of immortal time bias, since
those qualifying for exposure by definition are given a certain
degree of immortal time.* Hence, Liu and Hu’s call for re-
analysis of our data using Cox regression with treatment sta-
tus as a time-dependent covariate is justified. Here we pres-
ent the outcome of that re-analysis.

First, we reanalyzed our data by splitting the follow-up
time for the treated group into treated and untreated follow-
up time. A Cox regression model allowing for delayed entry
in the treatment group yielded an overall hazard ratio (HR)
of 0.41 (95% confidence interval [CI]: 0.28-0.61) for treated
versus untreated patients. Figure 1, to be compared with
graph A in the original letter,” shows that the effect of
immortal time introduced in the previous analysis is rela-
tively small (note that for reasons of comparison the HR of
untreated versus treated patients is presented in Fig. 1). The
main reason for the limited effect of immortal time bias is
that treatment in most cases started relatively soon after
operation (median, 53 days; lower quartile, 21 days; upper
quartile, 154 days) and that relatively few deaths occurred in
controls or treated patients within the range of time before
treatment was initiated. When estimating the HR for patients
starting treatment before and after 53 days after operation
(i.e., median) the HRs were 0.42 (95% CI: 0.26-0.70) and
0.40 (95% CI: 0.23-0.69), respectively. Thus, timing of treat-
ment start did not substantially modify the HR, further limit-
ing the potential effect of immortal time bias.

When analyzing the treatment association as function of
time since treatment start, divided into half year intervals we
observed that the treatment association seems most pro-
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nounced within the first 12 months and thereafter diminishes
with time since treatment start (Supporting Information in
Table 1). The potential for immortal-time bias is greater in
the subgroup of patients who received at least 6 months of
valganciclovir treatment. Calculating the rate ratio can serve
as an illustration of potential immortal-time bias.>® Support-
ing Information in Table 2 gives estimated rate ratios before
and after adjustment for potential immortal time of subjects
treated for at least 6 months and for those treated for less
than 6 months. Both rate ratios are shifted toward a lesser
treatment effect. The rate ratio for the 10 patients treated for
less than 6 months was greater than unity, indicating a worse
outcome than in untreated controls. The shifts in rate ratio
for those treated for at least 6 months is less dramatic and
remains well below unity, even though immortal time
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Figure 1. Survival curves with respect to treatment estimated from a
treatment-stratified Cox regression model allowing for delayed entry
in the treatment group. (Note that the x-axis starts at day 9 since
the first patient receives treatment on that day and it will therefore
constitute the effective origin with respect to the treatment effect.)
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constituted 28.8% of all person-days at risk. The median
follow-up time was 406 days (minimum 63 days, maximum
2,075 days) for the controls, 748 days (283, 2,179) for those
treated for more than 6 months and 365 days (143, 721) for
those treated for less than 6 months.

Further analysis by Cox regression, with treatment status as
a time-dependent covariate, showed that the HR ratio compar-
ing patients treated for more than 6 months with untreated
controls is 0.441 (95% CI: 0.283-0.687; p < 0.0003 by Type 3
Wald chi-square test) and 1.351 (95% CI: 0.659-2.768,
p=04118) for patients treated less than 6 months. Thus,
although the design of our retrospective study potentially could
suffer from immortal-time bias when analyzing patients with
longer treatment, re-analysis of the data shows that while part
of the treatment effect seen in the original analysis for patients
treated more than 6 months with valganciclovir may be attrib-
uted to this bias, the statistically significant effect remains after
adjustment for this effect. The reasons are that the accrued
immortal time was small since start of treatment in most cases
is relatively close after operation and that the median follow-up
time was longer in relation to immortal time. Therefore, we
conclude that immortal time bias does not explain the high sur-
vival among glioblastoma patients who received valganciclovir
treatment as an add-on to standard therapy.

We have so far examined over 300 glioblastomas for CMV;
only one was negative.” Other groups using different methods
to detect the virus also report a similar high prevalence of
CMYV in glioblastoma.””® Experimental and animal data suggest
that treatment for CMV prevents the growth of CMV-positive
tumors in vitro and in vivo,'® and our retrospective analyses of
valganciclovir-treated glioblastoma patients now indicate
improved survival, far better than previously reported.”

Since valganciclovir prevents CMV replication but cannot
eliminate the viral infection, patients who stop therapy would
no longer be expected to benefit from the potential suppres-
sive effects of the antiviral treatment. We observed that
patients treated with valganciclovir for 6 months had a longer
time to recurrence and a lower death rate. Patients who were
maintained on continuous valganciclovir treatment further
extended their survival. Strikingly, among glioblastoma
patients receiving continuous valganciclovir treatment, the
first death occurred at 283 days, which is rarely observed in
any cohort of glioblastoma patients, who have a very poor
prognosis despite optimal aggressive surgical resection, chem-
otherapy and radiation therapy.

Although this strategy certainly may not cure glioblas-
toma, it is firmly based on biological evidence that CMV
promotes the disease and that decreasing replication of the
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virus prevents tumor growth. Thus, using CMV-targeted
therapies for glioblastoma is a first step toward a therapy that
improves survival of patients suffering from this dreadful dis-
ease. A randomized trial is the only way to prove or dismiss
this hypothesis and should be performed as soon as possible
so as to not withhold from patients a potentially effective
therapy for glioblastoma.

Yours sincerely,

Cecilia Soderberg-Naucler
Inti Peredo

Afsar Rahbar

Fredrik Hansson

Anders Nordlund
Giuseppe Stragliotto
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