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Background: We sought to develop a prognostic scoring system to aid in patient selection for immune checkpoint inhibitor (ICl)
phase 1 clinical trials.

Methods: Clinical data from patients treated in phase 1 ICl clinical trials at MD Anderson (MDA) Center were analysed. Seventeen
clinical factors were studied. Recursive partitioning analysis, a tree-based model, was used to develop a regression tree and identify
optimal cut-points based on differences in survival for each clinical factor. A Cox proportional hazards regression model was then
used to identify factors independently affecting overall survival. A prognostic scoring system was subsequently developed.

Results: A total of 172 patients (105 CTLA4- and 67 PD1-based) were analysed. Seven factors were independently associated with
worse overall survival (OS): age>52 years (hazard ratio (HR) 1.59, 95% confidence interval (Cl) 1.1-2.4), Eastern Cooperative
Oncology Group performance status>1 (HR 2.81, 95%Cl 1.3-6.3), lactate dehydrogenase > 466 (which is 0.75 x the upper limit of
normal at our institution) (HR 2.1, 95% CI 1.4-3.2), platelet count > 300 x 10% uL=" (HR 1.8, 95% CI 1.2-2.8), absolute neutrophil
count >4.9 x 10® uL =" (HR 2.3, 95% CI 1.5-3.5), absolute lymphocyte count <1.8 x 10° uL ="' (HR 3.3, 95% CI 1.9-5.7), and liver
metastases (HR 1.8, 95% Cl 1.2-2.6). An index was created by dividing the cohort into risk groups based on the number of factors
present: 0-2, 3, 4, or 5-6. Median OS was 24.2 months, 11.6 months, 8.0 months, and 3.8 months for patients with 0-2, 3, 4, or 5-6
risk factors, respectively; log-rank test, P<0.0001. The Harrell c-index of this scoring system was 0.72, indicating better
predictability than the Royal Marsden Hospital score (c-index 0.67) and MDA score (c-index 0.61).

Conclusions: We have developed a novel '"MDA-ICI" prognostic scoring system for patients treated in phase 1 ICl clinical trials.
Prospective evaluation and external validation is warranted and may help aid patient selection for future clinical trials.

When patients with advanced cancers exhaust all US FDA-  Although phase 1 trials have been proven to be generally safe
approved cancer therapies, oncologists must decide whether to  (Arkenau et al, 2008), it remains difficult to estimate prognosis in
recommend hospice care or seek eligibility for phase 1 trials. patients with advanced cancer (Bachelot ef al, 2000). This makes it
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challenging to select the appropriate patients to enroll onto phase 1
trials. In an effort to aid oncologists in prognosticating patients for
phase 1 clinical trials, the Royal Marsden Hospital (RMH)(Arke-
nau et al, 2008), and MD Anderson (MDA) (Wheler et al, 2012)
prognostic scoring systems were developed. The RMH score
incorporates serum albumin concentration, serum lactate dehy-
drogenase concentration, and number of metastatic disease sites.
The MDA scoring system adds negative prognostic value to
Eastern Cooperative Oncology Group (ECOG) performance status
(PS) =1 and GI cancers to improve upon the RMH score. Both
scoring systems were developed and validated in the era of
chemotherapy and targeted therapy.

In recent years, immune checkpoint inhibitor (ICI)-based phase
1 clinical trials have emerged at the forefront of oncology drug
development. Although durable responses have been noted in
metastatic melanoma and multiple solid tumours including non-
small cell lung cancer, renal cell cancer, and head and neck cancer
(Borghaei et al, 2015; Larkin et al, 2015), overall response rates
remain low. In contrast to chemotherapy and targeted therapy,
ICI-based therapy is not directly cytotoxic, has unique mechanisms
of action by modulating the tumour microenvironment, and is
accompanied by a very different side effect profile (Michot et al,
2016). We do not know if the RMH and MDA scores may be
applicable to ICI trials and there is a need to develop a prognostic
scoring system for ICI-based phase 1 clinical trials.

The objective of this study was to evaluate patients enrolled on
phase 1 ICI trials in our clinic at the MD Anderson Cancer Center
(Houston, TX, USA) in order to identify risk factors independently
affecting overall survival (OS) and develop a prognostic scoring
system for phase 1 ICI trials. We have identified seven clinical
factors that can independently predict worse OS: age > 52 years,
ECOG PS >1, LDH >0.75 x ULN, platelet count >300 x 10
uL ™', absolute neutrophil count >4.9x 10> uL~', absolute
lymphocyte count <1.8 x 10’ uL ™', and the presence of liver
metastases.

PATIENTS AND METHODS

We reviewed the electronic medical records of 172 patients with
advanced cancer enrolled in phase 1 ICI-based clinical trials (anti-
CTLA4 and anti-PD1 trials) at the MD Anderson Clinical
Department of Investigational Cancer Therapeutics (Phase 1
Clinical Trials Program) from January 2013 to November 2015.
Investigational regimens available for patient enrollment were
determined by protocol availability at the time each patient
presented to clinic. Each ICI regimen administered and number of
patients on each trial is listed in Supplementary Table 1. No
patients with preexisting autoimmune diseases requiring disease-
modifying therapy were included in this study.

Ethics statement. This analysis as well as treatment on each
clinical trial was done with approval of the MD Anderson Cancer
Center Institutional Review Board. Participants gave informed
written consent.

Endpoints and statistical methods. The purpose of this study was
to identify risk factors associated with OS in patients with
advanced cancers treated in a phase I clinic with ICI-based
therapy. The primary endpoint in evaluating potential risk factors
was OS, which was measured from cycle 1 day 1 of treatment with
an ICI-based therapy until death from any cause or last follow-up.
Patients still alive at the time of analysis were censored for survival
at the time of their last follow-up. Descriptive statistics were used
to detail baseline patients’ characteristics. Categorical data were
detailed with contingency tables including counts and percentages.
Continuous measures were summarised with descriptive statistical

measures, as well (ie., median (range)). Survival curves were
estimated by the Kaplan-Meier method.

The following covariates have previously demonstrated prog-
nostic significance in the literature and were analysed in univariate
analysis: age (>52 vs <52 years), gender, number of metastases
(>2 vs <2 sites of metastases), serum haemoglobin level (>10.1
vs <10.1gdl "), absolute lymphocyte count (>1.8 vs <1.8 x 10°
cells/uL), presence of lung, liver, bone, or brain metastases (yes vs
no), ECOG PS (>1 vs <1), albumin (>3.5 vs <3.5gdl_1),
lactate dehydrogenase (>466 vs <466I1U1" 1), total white blood
cell count (>6.1 vs <6.1x10° uL =), platelet count (>300 vs
<300 x 10> uL ™Y, absolute neutrophil count (>49 s
<49 x10° uL ™", neutrophil-to-lymphocyte ratio (>4 vs <4),
and platelet-to-lymphocyte ratio (>498 vs <498). Recursive
partitioning analysis, using a regression tree-based model, was
performed for each numeric variable listed above to find the
optimal cut-point.(Marshall, 2001)

The RMH score and MDACC score was also calculated for each
patient, based on the clinical and laboratory values obtained the
day the patient started treated on immune checkpoint-inhibitor-
based therapy in the phase 1 clinic. The RMH score includes the
following poor prognostic variables: albumin <3.5gdl”’,
LDH>ULH (6181U1 ! at our institution), and two or greater
sites of metastatic disease (Arkenau et al, 2008). The MD Anderson
score also includes ECOG PS and GI primary tumours as negative
prognostic variables.(Wheler et al, 2012)

Cox proportional hazards regression model was used to conduct
multivariate analysis to identify factors independently affecting OS.
A prognostic scoring system was then established whereby each
negative prognostic factor was assigned a point. Survival by
prognostic score was estimated by the Kaplan-Meier method and
compared to survival estimates using the RMH and MDACC
prognostic scoring system in our patient population.

We examined the predictive ability of prognostic factors for
survival with the Harrell c-statistic (Harrell, Lee and Mark, 1996); a
higher c-statistic indicates greater predictive ability. All statistical
tests were two-sided and P<0.05 was considered statistically
significant. Statistical analyses were conducted with TIBCO
Spotfire S-Plus version 8.2 for Windows.

RESULTS

Of the 172 patients treated with ICI therapy (105 CTLA4- and 67
PD1-based) in the Department of Investigational Cancer Ther-
apeutics (Phase 1 clinic), the median age of all patients was 60
years (range: 19-86 years) and 87 (51%) were males. The most
common tumour types treated included renal cell carcinoma
(n=25; 14.5%), non-small cell lung cancer (n=21; 12.2%),
melanoma (n = 16; 9.4%), sarcoma (n = 16; 9.4%), gastrointestinal
stromal tumours (n=10; 5.8%), thyroid cancer (n=7; 4.1%),
prostate cancer (n=6; 3.4%), and colorectal cancer (n=6; 3.4%),
anal cancer (n=0>5; 2.9%) (Figure 1A). Fifty-four patients (31%)
had three or more sites of metastatic disease, including 100 patients
(56%) with lung metastases, 65 patients (38%) with liver
metastases, 48 (28%) with bone metastases, and 14 (8%) with
brain metastases. Other baseline demographics include 57 patients
(33%) with an elevated baseline LDH (=618 Ul™! at our
institution), 20 (12%) with an elevated baseline absolute neutrophil
count (>5.4x10°ul ! at our institution), and 96 (56%) with
decreased baseline absolute lymphocyte count (<1.2 x 10% ul =" at
our institution) (Table 1).

Treatment. All patients in this analysis were treated with ICI-
based therapies. Sixty-seven patients (38.9%) were treated with a
single agent ICI, 46 patients (26.7%) were treated with a
combination of an ICI and radiation therapy, 32 patients (18.6%)
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Figure 1. Overall survival in patients treated on phase 1 ICl therapy. (A) Pie chart listing all patients enrolled on immune checkpoint inhibitor
phase 1 trials during the time of analysis by tumour type. (B) Kaplan-Meier survival analysis for overall survival in all patients treated on ICl phase 1
trials. (C) Overall survival in patients treated on ICl phase 1 trials by MDA ICl risk score. The cohort is divided into four risk groups based on the
number of factors present: 0-2 (blue), 3 (purple), 4 (green), 5-6 (orange). ICl=immune checkpoint inhibitor therapy; MDA=MD Anderson.

were treated with a combination of an ICI and targeted therapy,
and 27 patients (15.7%) were treated with a combination of an ICI
and second immunomodulatory agent.

Survival. Of the 172 patients, there were 134 deaths after a median
follow-up of 23.5 months. The median OS for the entire cohort was
7.3 months (95% CI 5.8-10.3 months) (Figure 1B). Survival rates at
6, 12, and 18 months were 56% (95% CI 49-64%), 38% (95% CI
32-46%), and 19% (95% CI 14-27%), respectively.

At the time of analysis, five patients (2.9%) remained on
protocol without evidence of disease progression. Of the 167
patients that had been taken off of protocol, 138 (80.2%) patients
were taken off protocol owing to disease progression, 14 (8.1%)
patients withdrew consent, 8 (4.6%) patients were taken off
protocol owing to death, 6 (3.4%) patients were taken off protocol
due to toxicity, and 1 patient was at physician discretion.

Univariate analysis for survival. The factors that were associated
with shorter survival in univariate analysis were ECOG perfor-
mance status > 1 (hazard ratio (HR) 2.6, 95% confidence interval
(CI) 1.2-5.6, P=0.016), lactate dehydrogenase >466 (which is
0.75 x the upper limit of normal at our institution) (HR 2.6, 95%CI
1.7-3.8, P= <0.0001, total white blood cell count >6.1 x 10>
uL~' (HR 1.8, 95% CI 1.3-2.6, P=0.0007), platelet count
>300 x 10° L~ ' (HR 1.9, 95% CI 1.3-2.8, P=0.0005), absolute
neutrophil count >4.9 x10°> uL~' (HR 22, 95% CI 1.5-3.0,
P = <0.0001), neutrophil-to-lymphocyte ratio >4 (HR 2.1, 95%
CI 1.4-2.9, P= <0.0001), presence of liver metastases (HR 1.8,
95% CI 1.2-2.5, P=0.0013), and platelet-to-lymphocyte ratio
>498 (HR 3.0, 95% CI 1.8-5.0, P<0.0001). Table 2.

Development of a novel prognostic scoring system. Multivariate
analysis using Cox proportional hazard regression with manual
backward variable selection was used to identify a parsimonious set

of factors that independently effect OS. Seven factors were
identified as being associated with significantly worse OS: age
>52 years (HR 1.59, 95% CI 1.1-2.4, P=0.029), ECOG
performance status >1 (HR 2.81, 95% CI 1.3-6.3, P=0.011),
LDH >466 (which is 0.75 x the upper limit of normal at our
institution) (HR 2.1, 95% CI 1.4-3.2, P=0.0003), platelet count
>300 x 10° uL~ ' (HR 1.8, 95% CI 1.2-2.8, P=0.0064), ANC
>4.9x10° uL~' (HR 2.3, 95% CI 1.5-3.5, P=0.0005), ALC
<1.8x10° uL~ ' (HR 3.3, 95% CI 1.9-5.7, P=0.0004), and liver
metastases (HR 1.8, 95% CI 1.2-2.6, P=0.002) (Table 3). A score
was then developed whereby one point was assigned for each
negative prognostic factor to each patient (Table 4). Only one
patient had 0 risk factors, 10 patients had 1 risk factors, and 6
patients had 6 risk factors in our cohort. The cohort was divided
into four risk groups based on the number of factors present: 0-2,
3, 4, or 5-6. Median OS was 24.2 months (0-2), 11.6 months (3),
8.0 months (4), and 3.8 months (5-6); log-rank test, P<0.0001
(Figure 1C). The Harrell c-index of this scoring system was 0.72
(0.08), indicating significant predictability.

Comparison of MDA ICI score with RMH and MDA scores. We
then compared the ability of our novel score to prognosticate
patients treated on ICI phase 1 trials with the previously used
RMH and MDACC scoring systems. When the RMH score was
included in the Cox model, median OS for patients in our cohort of
patients treated with checkpoint inhibitor-based therapy was 13.6
months (RMH score 0, n=80), 5.7 months (RMH score 1, n = 60),
and 4.3 months (RMH score 2-3, n = 30), log-rank test P <0.0001
(Figure 2A). The c-index for predictability in our cohort was 0.67
(0.06). When the MDACC score (which also incorporates ECOG
PS>1 and GI tumours as having negative prognostic value) was
applied to our cohort, median OS for patients was 13.6 months
(MDACC score 0-1, n=76), 7.3 months (MDACC score 2,
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Table 1. Baseline demographics

Table 3. Multivariable Cox proportional hazards regression

model used to develop MDACC ICI Prognostic Score
Parameter Number (%)
S Parameter HR (95% CI) P-value
Male 87 51) Age>52 years 1.6 (1.1, 2.4) 0.0290
Female 85 (49) ECOG>1 2.8 (1.3, 6.3) 0.0110
Age (median 60) LDH>0.75 x ULN 21(1.4,3.2) 0.0003
<60 83 (48) Platelet> 300 1.8 (1.2,2.8) 0.0064
>60 89 (52
62 ANC>4.9 2.3 (1.6, 3.5) 0.0005
HEo) ALC<1.8 3.3(1.9,5.7) 0.0004
0 27 (16)
1 137 (80) Liver metastases 1.8(1.2, 2.6) 0.0020
2 8 (5) Abbreviations: ALC =absolute lymphocyte count; ANC=absolute neutrophil count;
Metast Cl=confidence interval; ECOG PS = Eastern Cooperative Group performance status; HR =
CEBEEE hazard ratio; LDH = lactate dehydrogenase; MDACC ICI=MD Anderson Cancer Center
1 63 (37) Immune Checkpoint Inhibitor; ULN=upper limit of normal. Seven clinical variables
2 55(32) associated with significantly worse overall survival were incorporated into the MDA ICI
3+ 54 (31) prognostic score. HRs are based on the retrospective analysis.
Sites of metastases
Lung 100 (58)
Liver 65 (38)
Bone 48 (28) Table 4. Scoring patients with the MDA ICI Prognostic Score
Brain 14 (8)
- - - Prognostic Scoring Index
Baseline LDH (U1~ "), reference range (313-618 Ul ) 9 9
<618 115 (67) Prognostic factor Points
>618 57 (33) Age
Baseline ANC (K ul ~"), reference range (1.7-7.3K ul — ") <52 0
Normal (1.7-7.3) 152 (88) >52 !
Elevated (>7.3) 20 (12) ECOG
Baseline ALC (Kul_1), reference range (1.2-4.8 Ku|_1) <1
Normal (1.2-4.8) 76 (44) >1 !
Low (<1.2) 96 (56) LDH
Abbreviations: ALC = absolute lymphocyte count; ANC = absolute neutrophil count; ECOG <0.75 x ULN 0
PS = Eastern Cooperative Group performance status; LDH = lactate dehydrogenase. Base- >0.75 x ULN 1
line demographics of patients treated on phase 1 immune checkpoint inhibitor therapy.
Sex, age, ECOG PS, number of metastases, sites of metastases, baseline LDH, baseline Platelet
ANC, and baseline ALC are all listed. <300 0
>300 1
Table 2. Univariate results for all 17 prognostic factors ANC
evaluated <4.9 0
>4.9 1
Parameter HR (95% Cl) P-value
Age >52 years 14 (09-2.0) 011 ALC
<1.8 1
No. of metastases >2 1.4 (1.0-2.0) 0.069 ~18 0
Male gender 0.8 (0.6-1.2) 0.30 T —
Haemoglobin>10.1 0.8 (0.5, 1.2) 0.21 No 0
ALC>1.8 0.7 (0.4, 1.1) 0.13 Yes 1
Lung metastases 0.8 (0.6, 1.2) 033 Abbreviations: ALC=absolute lymphocyte count; ANC=absolute neutrophil count;
ECOG = Eastern Cooperative Group; LDH = lactate dehydrogenase; ULN = upper limit of
Bone metastases 1.1(0.8,1.7) 0.53 normal. Table detailing how to score patients with the MD Anderson Immune Checkpoint
Brain metastases 0.9 (05, 1.7) 0.77 Inh?b'\tor progn0§tic score, whereby each clinical factor associated with negative survival is
assigned one point.
ECOG >1 2.6 (1.2-5.6) 0.016
Albumin>3.5 0.5(0.3,0.8) 0.0066
n=>59), and 4.3 months (MDACC score 3-5, n = 35), log-rank test
LDH>0.75 x ULN 26(17,38) <0.0001 P<0.0001 (Figure 2B). The c-index for predictability in our cohort
WBC> 6.1 1.8 (1.3,2.6) 0.0007 was 0.61 (0.04). Notably, the 95% confidence intervals of all three
Platelet> 300 1.9(1.3, 2.8) 0.0005 c-indexes all overlap.
ANC>4.9 2.2 (1.5, 3.0 <0.0001
NLR>4 2.1(1.4,29) <0.0001
Liver metastases 1.8(1.2,2.5) 0.0013 DISCUSSION
PLR>498 3.0 (1.8, 5.0) <0.0001
Abbreviations: ALC = absolute lymphocyte count; ANC = absolute neutrophil count; Cl=confi- Inclusmn criteria for eaﬂY phase trlals unlversally mandate that
dence interval; ECOG = Eastern Cooperative Group; HR=hazard ratio; LDH = lactate dehydro- patients have a life expectancy of at least 3 months. Prognostication
genase; NLR = neutrophil/lymphocyte ratio; PLR = platelet/lymphocyte ratio; ULN = upper limit of survival in clinic is quite challenging. QOur analyses aimed to
of normal; WBC = white blood cellvs. Univariate ana|y5|s.was pe.rformed on ‘\7Vd|mca\ factorsvto bring an easily calculable score to the clinic to a1d in patient
evaluate whether any factors were independently associated with overall survival. Hazard ratios lecti f v ph ials. Af h h al £
with 95% Cls and P values are provided. P<0.05 was considered statistically significant. selection for ICI ear y phase trials. terat orough analyses o 17

total clinical and laboratory parameters, we have developed a novel
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Figure 2. Overall survival by RMH and MDACC Score Kaplan-Meier survival analysis and Cox proportional hazard regression analysis for overall
survival in patients treated on ICl phase 1 trials, by: (A) RMH risk score. The cohort is divided into three risk groups based on the number of
factors present: 0 (n= 80, blue), 1 (n=60, purple), 2-3 (n= 30, green). (B) MDACC risk score. The cohort is divided into three risk groups based on
the number of factors present: 0-1 (=76, blue), 2 (n="59, purple), 3-5 (n= 35, green). ICI=immune checkpoint inhibitor therapy; MDACC=MD

Anderson Cancer Center; RMH=Royal Marsden Hospital.

‘MDA ICI' (MD Anderson Immune Checkpoint Inhibitor)
prognostic scoring system with better predictability of OS than
the RMH and MDACC scores. We incorporate seven clinical
factors with prognostic significance for patients treated in phase 1
ICI trials and assign each factor one point: age > 52 years, ECOG
>1, LDH >0.75 x ULN, platelet count >300 x 10> uL~"' ANC
>49x10° uL™', ALC, <1.8x 10> uL ™" and liver metastases.
Patients with the lowest risk score (0-2) had significantly superior
OS compared to patients with poorer risk scores (>2). We report
an OS of 7.3 months in patients treated on ICI-based phase 1 trials.
This survival rate is consistent with previously reported phase 1
cohorts (Bachelot et al, 2000; Roberts et al, 2004; Arkenau et al,
2008). Similarly, our survival rates of patients at 6 and 12 months
in this study were 56% and 38%, which is comparable to historical
rates of 43-70% at 6 months and 18-44% at 12 months (Bachelot
et al, 2000; Wheler et al, 2012). The RMH prognostic scoring
system identified elevated LDH levels, low albumin levels, and
number of metastatic sites were independently associated with
worse survival. The MDACC prognostic scoring system identified
ECOG performance status and GI tumours to also be associated
with worse survival. Although these prognostic scoring systems
were developed and validated in the era of cytotoxic chemotherapy
and targeted therapy, our results validate them in patients treated
on checkpoint inhibitors, as well.

Interestingly, however, some of the negative prognostic factors
identified in the RMH and MDA prognostic scoring systems,
namely serum albumin levels and number of metastases, did not
carry prognostic significance in patients treated with ICI-based
therapy in multivariate analysis. In our analysis of albumin as a
negative prognostic factor, a component of selection bias may be
contributing to the discrepancy between our population and that
treated at the RMH as the median albumin level in our cohort was
4.0gdl ™", which is higher than the median level of 3.3gdl ™" in
the original RMH study (Arkenau et al, 2008). In our cohort,
number of metastatic sites of disease also was not associated with
poor prognosis. Like the Royal Marsden cohort, over 30% of our
patient population had widely metastatic cancers with three or
more metastatic sites. Whether durability of response to check-
point inhibitor therapy contributes to why number of metastatic
sites of disease is not independently associated with survival
remains to be seen. We also investigated whether certain sites of
metastatic disease were associated with worse prognosis for
patients enrolled in ICI phase 1 trials. Owing to concerns over
blood brain barrier penetration and toxicity, patients with brain

metastases are often excluded from most early phase immunother-
apy trials and investigators often hesitate to place patients with any
history of brain metastases on such trials. In our analysis, we
identified no worse OS in patients with a history of brain
metastases. As data on the effect of ICIs on patients with brain
metastases begin to mature, it appears that the drugs may indeed
have intracranial activity in at least melanoma and NSCLC, as well
(Margolin et al, 2012). Early phase trials in other tumour types are
currently ongoing. Interestingly, the presence of liver metastases
was associated with worse OS. It has been postulated that the
immune microenvironment of the liver, which must continually
prevent undesirable immune responses to antigens absorbed in the
gastrointestinal tract, is responsible for evading anti-tumour
immunity (Revill, Testoni, Locarnini and Zoulim, 2016). For this
reason, it is believed that in many tumour types, locoregional
control of liver metastases yields reproducibly higher response
rates than systemic therapy and is the largest determinant of
survival in patients with liver metastases (Lemke et al, 2016).
Whether combining checkpoint inhibitor therapy with systemic
agents that modulate the liver microenvironment or liver directed
therapies would improve outcomes in patients with liver
metastases remains to be seen. Clinically, age is often used as an
inclusion criteria in phase 1 trials. Interestingly, in our analysis age
was picked up as a multivariate factor, but not a univariate factor.
The fact that age was significant after adjustment for other study
factors, but not on univariate analysis, highlights why univariate
results are not considered in the construction of scoring systems. In
this case, we believe that confounding was operating to mask the
association between age and OS in univariate analysis.

Our data suggest that laboratory markers of inflammation are
central to prognosticating patients enrolled on early phase ICI
trials. Cancer-associated inflammation is considered to be a
hallmark of cancer (Hanahan and Weinberg, 2011). LDH, a well-
known biomarker for inflammation (Agarwala et al, 2009) and cell
death in the context of oxidative stress or hypoxic conditions(Le
et al, 2010), was found to be prognostic in both the RMH and
MDACC prognostic scoring systems. Not surprisingly, elevated
LDH was found to be a negative prognostic marker in our analysis
of patients treated with ICI-based therapy, as well. Interestingly,
recursive partitioning analysis identified LDH >75% of the upper
limit of normal as the ‘optimal’ value with maximal difference in
OS, suggesting that higher ‘normal’ values may be prognostic, as
well. Although using an institutional upper limit of normal value
for LDH may ultimately make application of the scoring system
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most user-friendly in a clinical setting, using ‘optimal’ cut-points
generally produces a model with better predictive accuracy than
simply using ‘normal’ values, and in this discovery set of patients
even the highest 25% of ‘normal’ LDH values were associated with
worse overall prognosis. Like LDH, neutrophilia, and lymphopenia
have been identified as markers of cancer-related inflammation in
the peripheral blood (Mantovani, Allavena, Sica and Balkwill,
2008). The quotient of the absolute neutrophil count and absolute
lymphocyte count, the neutrophil/lymphocyte ratio (NLR), has
been found to be independently prognostic for survival in
advanced colorectal cancer (Walsh, Cook, Goulder, Justin and
Keeling, 2005), gastric cancer (Yamanaka, Matsumoto, Teramukai,
Ishiwata, Nagai and Fukushima, 2007), pancreatic cancer (An et al,
2010), prostate cancer, renal cell cancer (Keizman et al, 2012), and
non-small cell lung cancer (Sarraf, Belcher, Raevsky, Nicholson,
Goldstraw and Lim, 2009), as well. NLR has been found to hold
negative prognostic value in patients treated on phase 1 trials
(Kumar et al, 2015) and in melanoma patients treated with any
form of immunotherapy (Zaragoza et al, 2016). Although the NLR
did not demonstrate prognostic significance in our study, both
neutrophilia and lymphopenia were associated with poor prognosis
in multivariate analysis. Whether neutrophilia is a marker or
mediator of response to ICI-based therapy remains to be explored.
Elevated ANC in the peripheral blood of cancer patients has been
associated with tumour-associated neutrophilia (Schmidt et al,
2005). Preclinical modulation of tumour-associated neutrophilia
has previously demonstrated efficacy in tumour reduction
(Pekarek, Starr, Toledano and Schreiber, 1995; Fridlender et al,
2009). ANC has also been hypothesised to be a good surrogate in
peripheral blood for immunosuppressive myeloid-derived sup-
pressor cells (MDSC), consisting of both neutrophils and immature
myeloid cells (Brandau et al, 2011). By suppressing T-cell function,
it is believed that tumours with higher population of MDSCs may
not harbour the ideal immune microenvironment for ICI therapy
to be effective. Similarly, thrombocytosis has been previously
identified as an inflammation-based prognostic factor in multiple
tumour types (Forrest, McMillan, McArdle, Angerson and Dunlop,
2003; Crumley, McMillan, McKernan, McDonald and Stuart,
2006). Although the reasons for this remain speculative at this
time, data suggest that platelets may promote circulating tumour
cells to evade the immune system via adhesion to the vascular
endothelium (Heng et al, 2009).

Patient selection for early phase clinical trials remains challen-
ging as patients typically have advanced disease and are refractory
to multiple lines of therapy. However, survival of patients in a
phase 1 clinic varies widely. Although inclusion criteria for early
phase trials mandate that patients have a reasonable life
expectancy, there are no models to objectively guide physicians
in making this determination in patients who are being considered
for ICI therapy phase 1 trials. Our analysis identified age, ECOG
performance status, and the presence of liver metastases as negative
clinical prognostic factors. Laboratory markers of inflammation,
including elevated LDH, lymphopenia, neutrophilia, and throm-
bocytosis were identified as negative laboratory prognostic
biomarkers.

We acknowledge that a single-institution, retrospective analysis
has its limitations. Specifically, the variety of tumour types and
ICI-based regimens utilised in phase 1 trials results in a
heterogeneous population. In an attempt to minimise this
heterogeneity, only anti-PD1 and anti-CTLA4 antibody-based
regimens were included in this study. Owing to this restricted
sample size, it should be noted that in this study there were only
7.4 deaths per variable analysed. For this reason, the individual
variables should not be considered predictive when removed from
the confines of this scoring system until prospectively validated in a
larger cohort. To be clear, our novel scoring system is not meant to
be a predictive biomarker, but indeed a prognostic tool to

complement predictive biomarkers. Biomarkers predicting
response to ICI-based therapy remains an unmet need. PD-1/
PD-L1 expression, tumour-infiltrating lymphocytes, MSI-status,
and immune gene signatures are actively being investigated as
predictive biomarkers of response to ICI therapy (Herbst et al,
2014; Chen et al, 2016). Predictive biomarkers such as these are
used to estimate the probability for response to a given treatment
and testing predictability of a test requires randomisation. We
believe our novel prognostic scoring system compliments PD1/
PDL-1 expression, MSI status, and immune gene signatures from
tumour biopsies in selecting patients for future ICI-based trials.

A prospective, multi-institution external validation of our
scoring system is currently being planned as are further studies
evaluating whether normalisation of ALC, ANC, LDH, and platelet
count are associated with response to ICI-based therapy. Our study
is intended to be generalisable across tumour types in a phase 1
clinic and included patients with 41 different tumour types. It is
known that certain tumour types are inherently more aggressive
and more responsive to immunotherapy than others. As more
patients continue to be enrolled on ICI-based phase 1 trials, we
anticipate that tumour specific analyses will be feasible in the near
future, as well.
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