
RESEARCH ARTICLE Open Access

Real-world comparative effectiveness of
second-line ipilimumab for metastatic
melanoma: a population-based cohort
study in Ontario, Canada
Wei Fang Dai1,2, Jaclyn M. Beca1,2, Ruth Croxford3, Wanrudee Isaranawatchai2,4,5, Ines B. Menjak6,7,
Teresa M. Petrella7, Nicole Mittmann7, Craig C. Earle3, Scott Gavura1, Timothy P. Hanna8,9,10† and
Kelvin K.W. Chan1,2,7*†

Abstract

Background: For novel cancer treatments, effectiveness in clinical practice is not always aligned with clinical
efficacy results. As such it is important to understand a treatment’s real-world effectiveness. We examined real-world
population-based comparative effectiveness of second-line ipilimumab versus non-ipilimumab treatments
(chemotherapy or targeted treatments).

Methods: We used a cohort of melanoma patients receiving systemic treatment for advanced disease since April
2005 from Ontario, Canada. Patients were identified from provincial drug databases and the Ontario Cancer Registry
who received second-line ipilimumab from 2012 to 2015 (treated) or second-line non-ipilimumab treatment prior
to 2012 (historical controls). Historical controls were chosen, to permit the most direct comparison to pivotal trial
findings. The cohort was linked to administrative databases to identify baseline characteristics and outcomes.
Kaplan-Meier curves and multivariable Cox regression models were used to assess overall survival (OS). Observed
potential confounders were adjusted for using inverse probability of treatment weighting (IPTW).

Results: We identified 329 patients with metastatic melanoma (MM) who had received second-line treatments (189
treated; 140 controls). Patients receiving second-line ipilimumab were older (61.7 years vs 55.2 years) compared to
historical controls. Median OS were 6.9 (95% CI: 5.4–8.3) and 4.95 (4.3–6.0) months for ipilimumab and controls,
respectively. The crude 1-year, 2-year, and 3-year OS probabilities were 34.3% (27–41%), 20.6% (15–27%), and 15.2%
(9.6–21%) for ipilimumab and 17.1% (11–23%), 7.1% (2.9–11%), and 4.7% (1.2–8.2%) for controls. Ipilimumab was
associated with improved OS (IPTW HR = 0.62; 95% CI: 0.49–0.78; p < 0.0001).

Conclusions: This real-world analysis suggests second-line ipilimumab is associated with an improvement in OS for
MM patients in routine practice.
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Background
The treatment effects of novel cancer therapies adopted
into clinical practice (effectiveness) do not always align
with clinical trial outcomes (efficacy) [1]. In particular,
for many new cancer drugs, differences between efficacy
and effectiveness are often not known, leading to uncer-
tainty in clinical decision-making and drug funding deci-
sions. As such, it is important to investigate the
effectiveness of novel systemic therapies in routine prac-
tice, using population-based administrative databases,
which are reflective of the real-world patient experience.
Ipilimumab, an anti-cytotoxic T-cell lympohocyte-4

monoclonal antibody, was the first immune checkpoint
inhibitor therapy to show significant survival benefits in
patients with unresectable or metastatic melanoma
(MM) [2]. Prior to the introduction of ipilimumab, treat-
ment options for MM patients typically include standard
cytotoxic chemotherapy such as dacarbazine or temolo-
zomide. Often, these treatments conferred limited bene-
fit with phase II trial results showing median overall
survival around 6.2 months and 1 year survival rate of
25.5% [3]. In Canada, ipilimumab in the second-line set-
ting was the first immunotherapy to receive regulatory
approval and was publicly funded in most provinces
since 2012. Funding for ipilimumab in Canada was sub-
sequently extended to first-line use in 2015 and to com-
bination therapy with nivolumab in 2019.
In the pivotal trial for ipilimumab, Hodi et al. ob-

served survival benefits (hazard ratio (HR) = 0.66; 95%
CI: 0.51–0.87) for patients receiving ipilimumab (me-
dian overall survival (OS) = 10.1 months) compared to
those receiving glycoprotein 100 peptide vaccine alone
(median OS 6.4 months) [2]. Patients receiving ipili-
mumab had higher survival rates (12 months = 45.6%;
18 months = 33.2%; 24 months = 23.5%) than those re-
ceiving glycoprotein100 alone (12 months = 25.3%; 18
months = 16.3%; 24 months = 13.7%). Moreover, the
ipilimumab group was observed to maintain long-
term benefit, with a 20% survival rate up to the end
of the follow up of 54 months. In an analysis of pa-
tients with at least two years of potential, 25% of pa-
tients in the ipilimumab group survived more than 2
years and 3 years since initial randomization [4]. In
the control group 17 and 10% survived more than 2
and 3 years, respectively [4].
To date, only one published study has examined the

real-world comparative effectiveness of second-line ipili-
mumab compared to standard chemotherapy. This
study, conducted in Poland, found similar survival bene-
fit as the trial (adjusted HR = 0.65), but observed differ-
ences in median OS from the clinical trial experience,
including attenuated median OS and less evident sur-
vival tail plateau compared to that observed in the trial
[2, 5]. Additionally, correction for possible lead-time bias

or differences in patient comorbidity between groups
was not undertaken and notably the comparison group
was contemporary rather than historic. The issue of
lead-time bias is especially relevant given that clinical
enthusiasm for a new and effective first-in-class drug like
ipilimumab could lead to earlier initiation of second line
immunotherapy treatment compared to second-line
chemotherapy, which could influence observed differ-
ences in survival between comparison groups. Moreover,
given possible differences in case mix among jurisdic-
tions, it is important to evaluate the real-world compara-
tive effectiveness of second-ipilimumab in a North
American population.
Using population-based data from the Canadian prov-

ince of Ontario, we set out to quantify the real-world ef-
fectiveness of second-line ipilimumab in routine
practice, as compared to efficacy observed in pivotal
trials.

Methods
We conducted a population-based comparative retro-
spective cohort study of individuals treated for MM with
second-line ipilimumab, chemotherapy, or targeted ther-
apy between 2012 and 2015 in Ontario. Ontario is the
largest province in Canada with a population of approxi-
mately 14 million people [6]. For patients with MM, the
primary treatment is systemic treatments administered
by cancer clinics and funded by the provincial govern-
ment public drug programs.

Study population
Patients diagnosed with melanoma (International Classi-
fication of Disease for Oncology, 3rd edition - topog-
raphy:C44) who started first-line systemic treatment for
advanced melanoma on or after April 1, 2005 were iden-
tified from the Activity Level Reporting (ALR) systemic
treatment database maintained by the provincial cancer
agency, Cancer Care Ontario. The ALR database consists
of population-wide systemic treatment records for can-
cer patients in Ontario. Patients who received first-line
treatment with palliative intent were considered for in-
clusion, defined as the first non-interferon systemic ther-
apy received by the patient. Since a treatment regimen
might consist of multiple drugs provided on different
days, a line of treatment was defined as consisting of all
chemotherapy drugs given to a patient within four days
of the start of treatment. The line of treatment was
deemed to continue as long as the patient continued to
receive at least one of the drugs. The data sources used
to identify treatment regimens are presented in
Additional file 1.
Patients were included in the study if they started a

second line of treatment prior to September 13, 2012
(historical controls) or if they started a second line of
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treatment with ipilimumab between September 13, 2012
and March 31, 2015 (treated). Historical controls were
chosen, to permit the most direct comparison to pivotal
trial findings. Patients were excluded if they were youn-
ger than 18 at the time of their melanoma diagnosis, had
been diagnosed with another prior cancer, received ipili-
mumab as part of their first-line treatment or received
experimental treatment/clinical trial agents as part of
their 2nd line of treatment. Potential treated patients
were excluded if they received ipilimumab in combin-
ation with another treatment (Fig. 1). The index date
was the date of the start of second-line treatment.

Outcomes and covariates
The study cohort was linked to administrative databases
to determine baseline demographics and date of death.
The primary outcome was overall survival, defined as
the time from the start of second-line treatment until
death. Patients were censored if they emigrated from
Ontario or remained alive at the end of follow up on
March 31, 2017. Patient demographic characteristics in-
cluding age, sex, postal code, and date of death were ob-
tained from the Registered Persons Database. Patient
comorbidity was calculated using a weighted average of
the Adjusted Clinical Groups (Johns Hopkins ACG(R)
System, Version 10) which were based on diagnoses ob-
tained from hospital discharge records and physician
claims records in the 2 years prior to the index date, ex-
cluding cancer diagnoses [7]. In addition, the Charlson

score was calculated based on diagnoses found in hos-
pital discharge records in the 2 previous years, excluding
cancer diagnoses [8]. Statistics Canada’s 2016 census
data was used to obtain rural/urban status of the pa-
tient’s residence and neighborhood income quintile
based on postal codes. Additional information on other
systemic therapy and radiotherapy was obtained from
the ALR and hospital discharge records. These datasets
were linked using unique, encoded identifiers and ana-
lyzed at ICES.

Statistical analysis
For patient and treatment characteristics, mean and
standard deviation or median and interquartile range
were reported for continuous variables, and frequencies
and percentages were calculated for categorical variables.
Baseline characteristics of the ipilimumab-treated and
control patients were compared using chi-square tests
for binary covariates, Kruskal-Wallis tests for categorical
variables, t-tests for normally distributed continuous var-
iables, and Wilcoxon rank sum tests for skewed numer-
ical variables.
To adjust for differences between groups, propensity

scores were calculated using logistic regression, and were
used to calculate inverse probability of treatment weights
(IPTW) [9]. Baseline covariates used to calculate the
final propensity scores were patient age, place of resi-
dence, the comorbidity score and Charlson score, prior
radiation to the brain, prior radiation to other body

Fig. 1 Diagram of study cohort creation
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parts, and time from diagnosis to the start of second line
treatment. Standardized differences for the IPTW-
weighted covariates were calculated. Standardized
differences ≤0.10 are generally considered to represent
acceptable balance [9].
Overall survival was assessed using Kaplan-Meier

method and log-rank test was performed to assess the
difference between groups. Time to death between
groups was also compared using a Cox proportional haz-
ards model, weighting patients in each group by their
IPTWs. Due to the use of IPTWs, the resulting hazard
ratios estimate the average treatment effect, an estimate
of the treatment effect if ipilimumab rather than the his-
torical treatments were used as second line treatment in
the population of melanoma patients who are similar to
those included in this study. Sensitivity analyses were
performed, incorporating third-line treatment (if any)
into the survival analyses by i) adjusting for the use of
third-line treatment as a time-varying confounder; ii)
adjusting third-line checkpoint inhibitors treatment as a
time-varying confounder; iii) censoring patients at the
time of initiating third-line treatment; and iv) excluding
patients who received third-line treatment.
Two-sided p-values < 0.05 were considered to be sta-

tistically significant. SAS version 9.4 (SAS institute, Cary,
North Carolina) was used for the analyses.

Results
Study population
A total of 728 patients received a second-line treatment
for MM between September 13th, 2008 and March 31st,
2015. Of these identified patients, 329 patients met eligi-
bility criteria and were included (Fig. 1). The final co-
horts consist of 140 (42.6%) control patients who
received second-line treatment with chemotherapy or
targeted therapy prior to the ipilimumab funding date
and 189 (57.4%) treated patients who received second-
line ipilimumab treatment after the funding date.

Baseline characteristics
Baseline demographic and clinical characteristics are
presented in Table 1. In the total unweighted co-
hort, the mean age is 58.9 (SD: 16.4) years, 67.8%
were males, and 87.5% lived in urban regions. At
baseline, patients who are treated with second-line
ipilimumab were older (61.7 years vs 55.2 years)
compared to historical controls. There were no sig-
nificant differences in sex, income quintile, comor-
bidities, and prior receipt of radiation between the
ipilimumab-treated and the historical control
patients.
The median time from diagnosis to initiating

second-line treatment was 18 months (95%CI: 8.4–
38.5 months) for second-line ipilimumab patients and

32.5 months (95% CI: 11.9–57.5 months) for historical
controls (Table 1). The median time between the end
of first-line and the start of second-line treatment
was shorter for patients receiving second-line ipilimu-
mab (1 month vs 1.7 months; p-value < 0.001)
(Table 3). The majority of the historical controls re-
ceived first-line chemotherapy (78.6%), while a minor-
ity received first-line BRAF/MEK (9.3%), with the
remainder (10%) receiving either non-ipilimumab
immunotherapy or other treatments for first-line ther-
apy. The majority of patients who received second-
line ipilimumab (treated) received chemotherapy
(63%) or BRAF/MEK inhibitors (32.3%) as their first-
line treatment.
Weighted standardized difference between the treated

and historical controls for all baseline characteristics
were calculated after IPTW adjustment. All standardized
differences were less than 0.1 with the exception of age,
income quintile (medium and medium to high), and
time from end of first-line treatment to start of second-
line treatment.

Treatment patterns
Approximately half (49.2%) of the patients receiving
second-line ipilimumab completed all four planned
doses of ipilimumab; the remaining 14.8% had one dose,
19.6% had 2 doses, and 13.2% had 3 doses. Amongst the
historical controls, 127 patients received chemotherapy
(e.g. dacarbazine and temozolomide) and other treat-
ment (e.g. tyrosine kinase inhibitors), while 13 patients
received BRAF/MEK (e.g. vemurafenib, dabrafenib).
Amongst the study cohort of patients receiving second-
line treatments, 38 (27.1%) historical controls and 64
(35.5%) ipilimumab patients proceeded to receive at least
one third-line treatment. Of those patients who received
third-line treatments, 27 (71%) historical controls and 51
(76.1%) ipilimumab patients received immunotherapy,
while the remaining patients received chemotherapy or
other treatments. Amongst the historical controls, the
third-line immunotherapy received were mainly ipilimu-
mab whereas the immunotherapy received by the cases
were either nivolumab or pembrolizumab.

Overall survival
The cohort of patients were followed up until March
31st, 2017 with a median follow-up of 30.4 months
(95% CI: 27.9–37.7 months) in second-line ipilimumab
patients and 71.2 months (95% CI: 70.3–116.5 months)
in historical controls (Table 2). Crude median OS was
6.9 months (95% CI: 5.4–8.3 months) and 4.9 months
(95% CI: 4.3–6.0 months) for patients receiving
second-line ipilimumab and historical controls, re-
spectively (Fig. 2a). The adjusted median OS is also
greater in second-line ipilimumab (7.2 months; 95%
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CI: 5.3–8.7 months) compared to historical controls
(4.9 months; 95% CI: 4.3–6.0 months). OS was signifi-
cantly improved for patients receiving second-line ipi-
limumab after IPTW adjustment (p-value < 0.0001)
(Fig. 2b).
Survival was higher at 1-year, 2-year, and 3-year for

the ipilimumab group compared to controls in both the
unadjusted and IPTW-adjusted analysis (Table 2). More-
over, we observed sustained benefit in the 3 year OS in
the ipilimumab group (IPTW-adjusted: 14.3%; 95% CI:
8–21%). Second-line ipilimumab is significantly associ-
ated with improved OS in the unadjusted and IPTW
weighted Cox proportional hazard model (Unadjusted
HR = 0.65; 95% CI: 0.52–0.82; IPTW HR = 0.62; 95% CI:
0.52–0.73) (Table 3).

Sensitivity analysis
Sensitivity analyses were conducted to explore the effect
of third line treatment on the association between
second-line ipilimumab and OS (Table 3 Models C-F).
Despite increasingly conservative assumptions, the esti-
mated ipilimumab treatment effect remained largely un-
changed. An interaction term between second-line
ipilimumab and third-line treatment, added to models C
and D, was not significant (pinteraction = 0.085 and 0.12,
respectively). Among those patients who received second
line ipilimumab and started on third line treatment, the
choice of treatment was not significantly associated with
survival (immunotherapy vs. other treatment: HR = 0.75;
95% CI: 0.46–1.22 p = 0.25).

Discussion
In our real-world population-based study, we observed
improved survival associated with second-line ipilimu-
mab compared with second-line chemotherapy or tar-
geted therapy (median OS 6.9 vs 4.9 months; Unadjusted
HR = 0.65; Adjusted HR = 0.62). The estimated treat-
ment effect was robust under different methods to adjust

for the effect of subsequent treatment (HR range = 0.63–
0.67). Moreover, despite more older patients receiving
second-line ipilimumab (mean age: 61.7 years) compared
to chemotherapy or targeted treatment (mean age: 55.2
years) in the real-world, the observed relative treatment
effect was still consistent with those reported in the piv-
otal trial (HR = 0.66; 95% CI: 0.51–0.87) [2]. Addition-
ally, we observed approximately half of the second-line
ipilimumab patients completed the planned four doses.
This was slightly lower than the 64.2% of patients who
received all doses in the trial [2].
In this study, the hazard ratio for overall survival (Un-

adjusted HR = 0.65; Adjusted HR = 0.62) was similar to
the pivotal trial (HR = 0.66). The survival curve also plat-
eaued around two to three years, similar to the pivotal
trial. In contrast, the relative estimate of survival benefit,
median OS, was shorter in the real-world compared to
the pivotal trial for both the ipilimumab patients and the
control patients. In particular, the real-world median OS
was 2.9 months shorter (Real-world: 7.2 months; RCT:
10.1 months) in the ipilimumab group and 1.5 months
shorter in the control group (Real-world: 4.9 months;
RCT: 6.4 months), compared to clinical trial outcomes.
As such, the magnitude of benefit for OS observed in
the trial was approximately 3.7 months whereas the real-
world effectiveness was 2.3 months. In our real-world
setting, less ipilimumab patients were alive at 2-years
(Real-world: 21.1%; RCT: 25%) and 3-years (Real-world:
14.3%; RCT: 25%) [4]. Similarly, less control patients
were alive at 2-years (Real-world: 7.1%; RCT: 17%) and
3-years (Real-world: 4.7%; RCT: 10%) [4]. This difference
may be attributable older patients receiving second-line
ipilimumab in the real-world as compared to the trial
(mean age: 61.7 vs 56.8 years). Moreover, 10% of treated
and 14% of controls in the trial had central nervous sys-
tem (CNS) metastases at baseline and received previous
treatments for it. In our real-world study, a little over
20% of patients in each group had radiation to the brain

Table 2 Survival Outcomes

Historical Controls
N = 140

2nd line Ipilimumab
N = 189

Median follow-up months, (95% CI) 30.4 (27.9–37.3) 71.2 (70.3–116.5)

1-year survival rates, (95% CI)

Unadjusted 17.1% (11–23%) 34.3% (27–41%)

IPTW-adjusted 17.1% (11–23%) 35.6% (27–43%)

2-year survival rates, (95% CI)

Unadjusted 7.1% (2.9–11%) 20.6% (15–27%)

IPTW-adjusted 7.1% (2.9–11%) 21.1% (14–28%)

3-year survival rates, (95% CI)

Unadjusted 4.7% (1.2–8.2%) 15.2% (9.6–21%)

IPTW-adjusted 4.7% (1.2–8.2%) 14.3% (8.0–21%)
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prior to index systemic treatment, which may have
affected absolute survival estimates.
In the population-based study conducted by Polkowska

et al., which also compared second-line ipilimumab to
second-line chemotherapy, the OS and HR of second-line
ipilimumab was similar to our study and the trial. While
the median OS were similar between the controls in both
studies, patients receiving second-line ipilimumab in our
study (median OS: 7.2; 95% CI: 5.3–8.7) had a slightly
higher median OS than those patients in Poland (median
OS: 5.9; 95% CI: 5.6–8.4), though the confidence intervals
were overlapping between the two studies. Additionally,
difference in median OS may also be affected by the differ-
ence in access to treatments. The authors mentioned that

immunotherapies are only available for second and subse-
quent lines of treatment. While first-line immunother-
apies were not publicly funded in Ontario at the time of
our cohorts, around 5% of patients in each group had re-
ceived non-ipilimumab immunotherapies from clinical tri-
als or private payers. Furthermore, the third-line
treatment availability may also differ between the two
studies. In our study, controls were more likely to receive
third-line ipilimumab while treated were more likely to re-
ceive third-line nivolumab or pembrolizumab. Despite the
differences, both observed median OS for second-line ipi-
limumab was within the range observed in some of the
single-arm studies, which ranged between 6.4 to 8.8
months [10–14].

Fig. 2 Overall survival with 2nd line ipilimumab and historical controls (a) Unadjusted (b) IPTW weighted
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Our study has a number of notable strengths. We had
an extensive collection of linked data, providing detailed
information on patient characteristics and treatments for
an entire population. Thus, we were able to adjust for
many more potential confounders using propensity score
methods in contrast to other population-based studies.
These variables include rurality, socioeconomic status,
previous resection, comorbidity status, and time from
diagnosis to initiating second-line treatment. Addition-
ally, we also used different sensitivity analyses to explore
the effect of subsequent third-line treatment given that
real-world data are non-randomized and that subsequent
therapies can be a potential source of confounding. The
survival benefit of second-line ipilimumab persisted after
these adjustments.
Our study has several limitations. First, inherent to ob-

servational studies, our estimates may have been affected
by residual confounding from unbalanced or unmeas-
ured variables such as performance status, lactate de-
hydrogenase, and body mass index. Our analysis did not
adjust for performance status, though we were able to
control for differences in comorbidity, which could affect
functional status. Additionally, given this is a pre-
funding vs post-funding comparison, it is unlikely that
the distribution of performance status of the population
would change significantly. Data on lactate dehydrogen-
ase (LDH) was also not available, though notably in the
pivotal trial by Hodi et al., there was no significant dif-
ference in ipilimumab treatment effect based on LDH
[2], and it is unlikely that there would be imbalances
given the pre/post design with nearly all patients receiv-
ing ipilimumab after funding. Second, in contrast to the
randomized trial, the comparator in our study consists
of historical controls, since once second-line ipilimumab
became available, a very small number of patients re-
ceived chemotherapy or targeted therapy. While

historical controls avoid the small sample size of con-
trols or confounding by indication after ipilimumab
funding, historical comparators might be confounded by
secular trends such as changes in clinical practice (e.g.
radiation or resection practices for metastases, availabil-
ity of other systemic therapies (see Additional file 1 for
public funding timeline) that might bias in favor of
ipilimumab. Lastly, after second-line ipilimumab was
funded, some patients may have truncated their first-line
treatment to access ipilimumab for second-line treat-
ment as soon as possible, as there would have had been
no option for first-line immunotherapy. This funding
change may have resulted in differences in the extent of
disease at the start of second line treatment between
treatment groups. Drysdale et al. shown that 40% of pa-
tients who received first-line ipilimumab for MM had re-
ceived prior chemotherapies for less than 60 days during
a similar study period in Ontario [15]. Time between
diagnosis to second-line treatment was adjusted for via
the propensity score method to address potential bias,
though residual imbalance remained in our study.
In addition to validating the efficacy observed in clin-

ical trials, our study also informs policy decisions in On-
tario. While ipilimumab was the first immunotherapy to
enter the treatment landscape, other immunotherapies,
PD1 inhibitors pembrolizumab and nivolumab, have be-
come available in both first-line and second-line setting
in Ontario, along with nivolumab in combination with
ipilumumab [16–19]. Despite the availabilities of these
therapies, the effectiveness of second-line ipilimumab is
still of importance for patients who may not be able to
tolerate aggressive immunotherapy or progress on com-
bination targeted treatments. Potential future area of in-
vestigation can examine the effectiveness of second-line
ipilimumab after first-line PD-1 inhibitors and the com-
parative effectiveness between ipilimumab monotherapy

Table 3 Hazard Ratio for Overall Survival & Sensitivity Analysis (2nd line ipilimumab vs historical controls)

Hazard Ratio (95% CI) P-value

Primary Analyses Model A: Unadjusted Model 0.65 (0.52–0.82) 0.0003

Model B: IPTW Weighted Model 0.62 (0.52–0.73) < 0.0001

Sensitivity Analyses Model C: IPTW Weighted Model adjusting for 3rd line 0.64 (0.53–0.76) < 0.0001

Model D: IPTW Weighted Model adjusting for 3rd line
checkpoint inhibitor treatment

2nd line Ipilimumab 0.63 (0.53–0.75) < 0.0001

Historical Controls Ref

Model E: Censoring patients at start of 3rd line < 0.0001

2nd line Ipilimumab 0.60 (0.48–0.73)

Historical Controls Ref

Model F: Excluding patients who started 3rd line treatment 0.0001

2nd line Ipilimumab (n = 122) 0.67 (0.55–0.81)

Historical Controls (n = 102) Ref
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and combination therapies. Additional future research
relevant for policy decision includes the comparative
toxicity of second-line ipilimumab and the effect of im-
munotherapy on patient symptoms, especially for pa-
tients who experience metastases to other body regions
at baseline.

Conclusion
Overall, our findings illustrate the real-world compara-
tive effectiveness of second-line ipilimumab, which was
associated with improved survival in patients with MM
compared to historical controls, and with HRs similar to
those observed in the pivotal trial and other population-
based studies. While the relative treatment effect was
similar to the pivotal trial, the median overall survival
absolute treatment effect observed among real-world pa-
tients treated with ipilimumab was smaller and similar
to that observed in the other population-based studies.

Supplementary information
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1186/s12885-020-06798-1.
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