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Abstract Late divergence of survival curves of treated
patients and controls is commonly seen in successful can-
cer immunotherapy trials. Although late survival curve
divergence may be caused by a delayed action of therapy, it
may also be related to early effects of the treatment. We
suggest that late survival divergence most often reflects a
specific benefit of therapy for patients who suffer from a
comparatively slow progression of disease. The occurrence
of delayed survival curve divergence has important impli-
cations for the statistical analysis of immunotherapy trials.
Thus, it leads to non-proportional hazard ratios that make
commonly used statistical tests, e.g., the logrank test,
suboptimal. It is therefore suggested that the statistical
analysis of immunotherapy trials primarily should be based
on a test that compares the survival curves at or after a
prespecified, fixed, late time point.
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Introduction

In recent years, it has been recognized that survival curves
of treated patients and controls obtained from successful
immunotherapy trials commonly display late divergence
[1-10]. Late curve divergence was initially considered to
be difficult to explain [11], but the repeated observations of
the phenomenon have led to its general acceptance as a
distinctive and not uncommon feature of successful
immunotherapy. The phenomenon has usually been inter-
preted as a delayed effect of the treatment, being in contrast
to the immediate effect and early curve divergence seen in
chemotherapy [9, 12]. For instance, treatment with the
immunotherapeutic drug ipilimumab resulted in effects that
were not graphically observable until several months after
initiation of treatment, resulting in late divergence of the
survival curves [1]. In contrast, treatment with vemurafe-
nib, which has a mechanism of action that is seemingly
independent on immunological actions, is characterized by
very early, albeit transient, antitumor effects [13].

We have recently pointed out that one important con-
sequence of late curve divergence in cancer immunother-
apy is that extended follow-up times may be required to
correctly assess therapeutic efficacy [14]. Furthermore,
Hoos et al. [12] have proposed a methodological frame-
work to tackle the unique characteristics of immunothera-
pies. These authors consider that adherence to study
designs developed for chemotherapy may have been
inappropriate and contributed to failures of several immu-
notherapy efficacy trials. The methodological consider-
ations put forward by Hoos et al. are highly relevant, but
we would like to draw attention to two additional issues:
the reason for delayed divergence of survival curves, and
the importance of using adequate statistical methods in
immunotherapeutic trials.
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Possible reasons for delayed divergence of survival
curves in immunotherapy

Delayed separation of survival curves means that the event
rate is similar in treated patients and controls during the
first phase after start of treatment, but that there is a relative
lack of late events in treated patients compared to controls
during later phases. In principle, there are two ways of
explaining this phenomenon:

Delayed action: late benefit model

Earlier discussions of the reason for delayed separation of
survival curves in immunotherapy trials have focused on
the fact that the development of a clinically effective
immune response may take time and that, therefore, the
benefit of the treatment will not be evident until late,
sometimes only after several months of treatment [9]. This
model gains some support from patients with metastatic
disease undergoing immunotherapy, who initially display
progression but then later respond to therapy [15-17]. In
addition, typical examples of late curve divergence that
agree with the delayed action-late benefit model can be
derived from studies of melanoma and prostatic cancer [2—
4]. However, although a delayed clinical efficacy was
observed in these studies, cellular responses have com-
monly been detected within weeks after vaccination, sug-
gesting that the time to mount an immune response does
not fully explain the delayed efficacy [15, 18]. Further-
more, the finding, in one study [8], that a marked delayed
separation of survival curves may occur more than 3 years
after end of therapy makes it unlikely that late development
of immune response can be the only factor responsible for
delayed separation of survival curves in immunotherapy
trials.

Early action: late benefit model

Although the model of delayed action—Ilate benefit may be
operative in some cases of delayed curve divergence, an
alternative, early action—Iate benefit scenario may be
considered to explain the phenomenon. An early action of
immunotherapy can be expected in any situation where
there is a preexisting immune response that is boosted by
the therapeutic measures utilized. Such boosting may occur
in, e.g., treatment with the drug ipilimumab where the trial
results have displayed a clear late and persistent curve
divergence and thus can be used as prototypes of early
action-late benefit model. Given the delayed clinical effi-
cacy of ipilimumab demonstrated in Kaplan—Meier plots at
the population level [1], it is tempting to draw the con-
clusion that the effect on the tumor is also delayed. This
conclusion, however, is not warranted. The therapeutic
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actions leading to the lack of late events may be exerted at
any time prior to the curve divergence and are thus not
necessarily related in time to the graphically demonstrable
effect.

During the last decade, studies have unraveled the
existence of a complex and dynamic relationship between
the immune system and the tumor: i.e.. the balance
between tumor elimination on the one hand and tumor
escape on the other hand [19, 20]. Immunotherapies aim at
enhancing immune reactivity against cancer and push the
escape-elimination balance toward tumor elimination. In
patients with rapidly progressing disease, which may be
related to high tumor load, low tumor cell immunogenicity,
high proliferative or invasive capacity, etc., the task may be
overwhelming and the immune system will fail to eliminate
the tumor. In these cases, immunotherapy is futile, and
these patients relapse and die regardless of therapeutic
intervention.

In a fraction of patients with more slowly progressing
disease, immunotherapy may make the difference that
enables the immune system to eradicate the tumor. This
immune-mediated clearance may occur early, or even very
early, in treated patients, but the survival curves will still
not separate until the time when corresponding control
patients relapse and die. Thus, what graphically appears as
a delayed effect may in fact be the result of early immu-
nological actions leading to eradication of the tumor cells.
Late divergence of survival curves is therefore an expected
consequence in any case where the therapy preferentially
affects tumors associated with slow disease progression. In
cases of slow progression that is causally related to low
tumor load, it is logical to assume that efficient elimination
of tumor cells is most likely to occur at the start of treat-
ment, when the tumor load is particularly low. Conse-
quently, late separation of survival curves is probably often
causally related to early actions of the treatment. Para-
doxically, late divergence of survival curves may then,
provided that the divergence persists and not replaced by
curve convergence, be indicative of tumor cell eradication
in certain patients, thus causing a cure of the disease.

It is important to realize that the statement that immu-
notherapy is preferentially active in patients with slowly
progressing disease is relative and only refers to compari-
sons performed within the particular group of patients
being studied. Thus, as amply demonstrated in many
studies, also in groups of patients with rapidly progressing
disease, such as metastatic melanoma or prostatic cancer
[2], there are some patients who benefit from treatment and
therefore do not experience the late events occurring in
control patients. Interestingly, in a recently published long-
term follow-up study of ipilimumab in patients with met-
astatic melanoma, 11 out of 15 complete responders dis-
played an objective clinical response within 2 months of
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treatment, suggesting that early onset of action predomi-
nates in successfully treated patients even in advanced
disease [21]. Conversely, as demonstrated in the study by
Stadler et al. [8], patients with slowly progressing disease
do not automatically benefit from immunotherapy. The
reason for this is likely multifaceted and may, for instance,
be explained by a relative lack of immunogenicity of the
tumor cells in certain categories of patients.

Implications of late survival curve divergence

The implications of late survival curve divergence are, as
we have reported previously, obvious with respect to the
requirement of extended follow-up times [14]. Another
important consequence of delayed separation is the impli-
cations for the statistical analysis of immunotherapy trials
[22, 23]. Late divergence means that the hazard ratio is not
constant over time. Standard statistical methods, such as the
logrank test and the Cox proportional hazards model, are
optimal to detect differences between survival curves with
constant hazard ratio, but they are not ideal in immuno-
therapeutic trials, in which it is known or suspected a priori
that late divergence of survival curves will occur [24]. To
obtain a certain acceptable power in such trials, one might
use, e.g., the logrank test and compensate for the non-pro-
portional hazard by increasing the sample size, as suggested
by Hoos et al. [10]. However, alternative statistical strate-
gies to assess the clinical effect of immunotherapeutic
candidates are potentially more effective and should
therefore be considered [23], especially in cases where the
ultimate goal is to determine long-term survival rates.
Elaborate methods to handle these issues have been sug-
gested by, e.g., Sposto et al. and Klein et al. [25, 26]. A
simple and transparent strategy is to use an approximate test
to compare two survival curves at a fixed late point in time,
based on the Kaplan-Meier estimates and their standard
errors, and the normal distribution [27]. The method of
Sposto et al. tests the hypothesis of equal survival for all
times after a predetermined late time T and thus also makes

use of the events after this time. Readers are further referred
to Logan et al. [28] for a comparison of these and several
other methods, including the weighted logrank test.

Example of late curve divergence

An example of late separation of survival curves, illus-
trating the early action-late benefit model proposed above
and showing the importance of the choice of statistical
methods for the evaluation of efficacy, is provided by a
study on the adjuvant treatment of cutaneous melanoma
with an immunomodulatory drug, i.e., natural, multisub-
type, interferon-alpha (nIFN-o) [8, 14]. In the study,
adjuvant nIFN-o was given for 6 months, preceded by two
cycles of dacarbazine to patients with melanoma in dif-
ferent stages. No significant difference with respect to
overall survival rates in treated patients and controls was
demonstrated at 5 years, which was the predefined time of
final follow-up. However, an extended follow-up demon-
strated that the survival curves gradually diverged there-
after, finally resulting in survival rates that were clearly
higher in treated patients than in controls. Still, as dem-
onstrated in Table 1, an efficacy analysis using the logrank
test did not yield a statistically significant result
(p = 0.052). By contrast, testing the equality of 9-year
survival revealed a statistically significant impact on long-
term survival (p = 0.012) [14]. With the test by Sposto
et al., testing the null hypothesis that the survival curves
coincide at 3 years and thereafter, the result is also sig-
nificant (p = 0.030).

The natural course of diseases varies between different
subgroups, and the results of the study described above
could potentially be influenced by the heterogeneity of the
patient material. Retrospective analyses of a homogenous,
separately randomized, subgroup of 106 separately ran-
domized patients with regional lymph node metastases
(stage 3b) showed that late deaths were more common in
controls than in treated patients. Thus, deaths occurred at
almost equal rates in treated and control patients before

Table 1 Preferential effect by multisubtype IFN-o treatment on late mortality in patients with melanoma

Average mortality (95 % CI) Estimated 9-year OS (% + SE) p value 9-year p value
oS logrank
Follow-up 0-3 Follow-up >3
years years
All patients, treated (n = 128) 12.3 (9.0-16.7) 32 (1.8-5.4) 57.6 £ 4.5 0.012 0.052
All patients, controls (n = 124) 11.5 (8.3-15.9) 9.3 (6.7-13.0) 417 £ 45
Stage 3b, treated (n = 54) 21.6 (14.7-31.7) 2.2 (0.7-7.0) 459 + 6.9 0.009 0.143
Stage 3b, controls (n = 52) 17.9 (11.8-27.2) 16.3 (10.3-25.9) 22.1 £ 6.0

The table shows mortality per 100 person-years with 95 % confidence intervals by follow-up time interval and treatment arm, in the trial on the
effect of adjuvant therapy of melanoma with natural, multisubtype IFN-a performed by Stadler et al. [8]. Early and late mortality was arbitrarily

defined as occurring before and after 3 years of follow-up, respectively
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3 years of follow-up, whereas after 3 years, the average
mortality was about seven times higher in controls than in
treated patients. With respect to statistical tests, the logrank
test showed no statistically significant difference between
the two groups although the 9-year OS rate was twice as
high in the treated patients as in the controls, yielding
p = 0.009 for the direct comparison. The test by Sposto
et al. also yields a significant result (p = 0.045).

Conclusions

The reasons why Kaplan—Meier survival curves of treated
patients and controls sometimes display a delayed diver-
gence in successful immunotherapeutic trials have not been
sufficiently well clarified. The phenomenon has usually
been interpreted as being the result of a delayed action of
the therapy, resulting in a late benefit for the patients.
Although this may be true in some cases, another, more
general explanation for the phenomenon can be offered,
built on the simple observation that late curve divergence is
always associated with a relative lack of late events among
treated patients as compared to controls. Late events are
indicative of slowly progressing disease, and delayed
divergence will therefore be a consequence of preferential
effect of treatment on tumors causing slowly progressing
disease within the patient population studied. The inhibi-
tion of late events may be caused by immunological actions
occurring at any time preceding the events and sometimes
be a consequence of very early actions of the therapy.
Therefore, early tumor cell eradication postulated to occur
according to the cancer immunoediting concept may, in a
seemingly paradoxical way, be manifested as clinical
efficacy at a late stage, resulting in late curve divergence.

The occurrence of late curve divergence has important
implications, not only for the planning of follow-up times
and for the evaluation of biological markers of therapeutic
response, but also for the statistical analysis of clinical
trials in immunotherapy. As exemplified in this article,
commonly used statistical methods, assuming proportional
hazard ratios in the evaluation of efficacy, are not optimal
in cases of late curve divergence. Therefore, such methods
should be replaced by tests that compare survival at or after
prespecified fixed late time points.
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