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Abstract

OBJECTIVES—Early-phase clinical trials play a pivotal role in drug development. However, 

limited data are available on outcomes of gastrointestinal (GI) cancer patients enrolled in phase I 

clinical trials. Here, we evaluated the characteristics associated with survival in GI cancer patients 

participating in phase I clinical trials and attempted to validate previously established prognostic 

models.

METHODS—All consecutive patients with advanced GI tumors who participated in phase I 

clinical trials at our institution from 1/2007 to 12/2013 and received at least one dose of the study 

drug were included. Cox regression models were used to estimate multivariable-adjusted hazard 

ratio (HR) and 95% confidence interval (CI).

RESULTS—In 243 study patients (median age 62 years [range 26–82]; 55% male), treatment 

included chemotherapy only (14%), targeted therapy (41%), chemotherapy+targeted therapy 

(42%), and others (2%) for the following disease types: pancreatic (42%), colorectal (34%), 

gastro-esophageal (10%), hepatobiliary (13%), and others (2%). Response rate was 4%, with 38% 

achieving stable disease and 42% having progressive disease. Median survival was 5.8 months 

(range: 0.2–52.4 months). Our multivariable Cox regression analyses included the following as 

predictors of survival: ECOG performance score ≥1 (HR:1.76), prior systemic therapies ≥2 (HR:
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1.63), LDH >618 IU/L (HR:1.85), sodium >135 mmol/L (HR:0.46), and white blood count 

>6×109/L (HR:1.5). Our dataset was consistent with previous prognostic scores.

CONCLUSIONS—This is the largest study to assess clinical outcomes in this patient population. 

Phase I trials provide clinical benefit to patients with advanced GI malignancies and should be 

recommended as a treatment option in appropriate patients.

Keywords

Clinical trial; Phase I; gastrointestinal neoplasms; clinical trial; survival; therapeutics

INTRODUCTION

Cancer is one of the leading causes of death in the United States, which has led to increased 

interest in the development of novel therapies.1,2,3 Phase I clinical trials are a key component 

to the development of new agents and are used to evaluate appropriate dosing and dosing 

schedules while monitoring toxicities in anticipation of future trials.4,5 Patient selection and 

prediction of patient survival are critical steps in the design of phase I clinical trials.4,5 

Ideally, patients are selected who have a life expectancy of greater than 3 months. Although 

phase I clinical trials have been shown to be beneficial to certain patients, limited data are 

available on the clinical outcomes of enrolled patients.6–9 Due to this paucity of data, 

clinicians often have difficulties selecting appropriate patients and predicting which patients 

would benefit most.10,11 Despite the increased attention on developing methods to evaluate 

potential patients for enrollment, phase I trials continue to have 15–20% mortality in the first 

90 days.10

Several studies have evaluated patient survival in clinical trials, and models have been 

developed to predict survival in these patient populations.7,12–14 One commonly used model 

is the Royal Marsden Hospital (RMH) score, which utilizes lactate dehydrogenase (LDH), 

albumin, and number of metastatic sites.10,15 Other models have since been developed, 

including a prognostic score proposed by MD Anderson Cancer Center (MDACC).7 This 

study validated the RMH score but also included patient characteristics such as Eastern 

Cooperative Oncology Group (ECOG) performance status and tumor type.7 However, these 

scoring systems have not been validated, making it difficult to extrapolate these results. 

More studies are required to adequately evaluate patient survival in phase I trials and patient 

characteristics that can assist in predicting outcomes.

In this study, our aim was to evaluate the clinical characteristics and survival of patients with 

GI malignancies enrolled in phase I clinical trials at Moffitt Cancer Center. We evaluated 

patient characteristics associated with survival and attempted to validate previously 

established prognostic models.

MATERIALS AND METHODS

Patients

This study included all patients with GI malignancies who were enrolled in phase I clinical 

trials from 1/2007 to 12/2013 at our institution. Only patients with advanced unresectable 
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disease were included. Patients were excluded if they did not receive even a single dose of 

study drug or were enrolled in clinical trials for adjuvant treatment or supportive care. 

Patients who participated in more than one phase I clinical trial were considered for first trial 

on which they received treatment. All trials were registered and had received Institutional 

Review Board (IRB) approval. All patients had signed the informed consent for participation 

in the phase I clinical trials. IRB approval was obtained for this study.

Data Sources

The Oncore database, maintained by the Clinical Trials Office at Moffitt, was utilized to 

generate lists of phase I trials conducted at our institution and to extract trial-specific data, 

including dates of enrollment, study drug treatment, off-study date, trial type, the sponsor of 

the trial, and response. Information on survival was primarily extracted from Cancer 

Registry data. We also collected data from patient medical records, including demographics, 

disease status, ECOG performance status, initial diagnosis, staging, prior treatment 

(including surgery, radiation, and chemotherapy), medical history, site of metastases, and 

laboratory values. Laboratory values that were obtained included hemoglobin, white blood 

cell (WBC), neutrophils, platelets, aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), bilirubin, LDH, sodium, glucose, protein, albumin, and 

international normalized ratio (INR). We used the Response Evaluation Criteria in Solid 

Tumors (RECIST) for response assessment.

Statistical Analysis

The primary endpoint of this study was overall survival (OS), which was analyzed using the 

Kaplan-Meier method from the start of first therapy until the time of death or censored at the 

most recent follow-up time. We also evaluated progression-free survival (PFS) of our patient 

population using the time to disease progression or time of death or censored at the most 

recent follow-up. A log-rank test was used to compare differences in survival among 

subgroups. Univariate and multivariate Cox proportional hazard models were used to assess 

associations between patient characteristics and clinical outcome. Associations were 

considered statistically significant if a Wald-test P value < 0.05 was achieved. We examined 

the predictive ability of prognostic factors for survival with the Harrell c-statistic; higher c-

statistic indicates greater predictive ability.16 Harrell (concordance) C statistics or Somers’ D 

statistics was used to assess the prediction performance of RMH cancer risk scoring method 

and MDACC cancer risk scoring method. Somers’ D is a widely used concordance measure 

for the prediction of censored survival data, which differs from tau-b in that it uses a 

correction only for pairs that are tied on the independent variable. Statistical analyses were 

performed using SAS version 9.4 software (SAS Institute, Inc., Cary, NC) and open source 

statistical software R version 3.1.0.

Validation of RMH and MDACC Prognostic Score

The prognostic scoring methods developed by the RMH and MDACC groups were directly 

applied and validated with the Moffitt cohort. RMH prognostic scoring method was built by 

adding points with LDH >618 IU/L, albumin <3.5 mg/dL, and number of metastatic sites 

>2. Each variable was assigned one point with scores of 3 considered high risk and scores of 

0 being lowest. For the MDACC prognostic score, an additional point was assigned for 
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ECOG performance status ≥1, and GI tumor type with scores of 4 or 5 considered highest 

risk. Because we included only patients with GI cancers, all patients had at least one point.

RESULTS

Patient Characteristics

We included 243 patients with advanced GI tumors who participated in phase I clinical trials 

from 1/2007 to 12/2013 at Moffitt Cancer Center. The baseline characteristics are shown in 

Table 1 (median age was 62 years, range: 26–82 years, 55% male). Almost all patients 

(98%) had ECOG performance of 0 (28%) or 1 (70%). The majority of the patients were 

enrolled in industry-sponsored trials (81%), followed by institution-sponsored trials (11%) 

and externally peer-reviewed trials (8%). Of 243 patients, 143 (59%) received two or more 

prior systemic therapies. The primary site of malignancy included pancreas (42%), colon 

(34%), hepatobiliary (13%), and esophagus/gastric (10%). Other baseline characteristics 

include history of thromboembolism (12%), >2 sites of metastases (31%), hypoalbuminemia 

(27%), elevated AST (25%), elevated ALT (35%), hyperbilirubinemia (9%), hyperglycemia 

(44%), thrombocytopenia (23%), and elevated LDH (34%). In this study group, 84% of the 

patients received treatment that included targeted agents, with 42% receiving both a 

cytotoxic and a targeted agent as their phase I treatment.

Response

Our results showed that 42% of the patients progressed at the time of first staging scans. 

Partial responses (PR) were seen in 4% of the patients, with an additional 38% having stable 

disease. The clinical benefit rate was 42%. The clinical benefit rate was 57% (PR: 9%) in 

patients receiving chemotherapy and target therapy combination and 32% in patients 

receiving targeted therapy only. Response data were not available for 15% of the patients. 

Among the 10 responders, 9 patients received chemotherapy and targeted therapy 

combination and 1 patient received chemotherapy only. Seven patients with responses had 

pancreatic cancer and all of them received gemcitabine based regimen with somatostatin 

analogue as most common targeted therapy. There was 1 responder each with diagnosis of 

gastric cancer (carboplatin, paclitaxel and akt inhibitor), esophageal cancer (5-fluorouracil, 

irinotecan and somatostatin analogue) and cholangiocarcinoma (gemcitabine, cisplatin and 

pi3k inhibitor). The median PFS was 2 months (range: 0.2–30.8) for overall population. The 

median PFS among patients receiving targeted therapy, chemotherapy and combination 

therapy was 1.9 months, 1.9 months and 2.5 months respectively. The reason for patients 

coming off treatment included disease progression (64%), adverse events or complications 

(13%), patient withdrawal (11%), and others (11%).

Survival

The median OS for overall population was 5.8 months (range: 0.2–52.4 months). The 

median OS among patients receiving targeted therapy, chemotherapy and combination 

therapy was 4.4 months, 6.5 months and 6.3 months respectively. As shown in Table 2, 

variables associated with statistically significant worse survival on univariate analyses were 

ECOG performance status ≥1 (P=0.0003), ≥2 prior systemic therapies (P=0.0141), bilirubin 

>1.2 mg/dL (P=0.0267), LDH > 618 IU/L (P<0.0001), sodium ≤135 mmol/L (P=0.0033), 
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and WBC count >6×109/L (P<0.0001). No statistical significance was seen for other 

laboratory values including albumin, ALT, AST, glucose, hemoglobin, INR, neutrophils, 

platelets, or total protein (Table 2). The 30-day and 90-day mortality rate was 0.8% (95% CI: 

0.2%–3.3%) and 13.7% (95% CI: 19.0%–9.9%).

Multivariate survival analysis was also performed to evaluate patient factors that may be 

predictive of OS using stepwise Cox proportional hazard regression model (Table 3). The 

final model included ECOG performance score ≥1 (HR: 1.76, P=0.0049), prior systemic 

therapies ≥2 (HR: 1.63, P=0.0146), LDH >618 IU/L (HR: 1.85, P=0.0009), sodium >135 

mmol/L (HR: 0.46, P=0.0021), and WBC >6 × 109 (HR: 1.50, P=0.0233).

Application of RMH and MDACC Prognostic Score

The median survival of subjects with RMH score of 0 (low risk), 1 (low-intermediate risk), 2 

(intermediate risk), 3 (high risk) was 9.4, 6.6, 6.7 and 3.7 months, respectively (P<0.0001). 

Figure 1 shows the Kaplan-Meir survival curves by RMH score. The median survival of 

patients with MDACC score of 1 (low-intermediate risk), 2 (intermediate risk), 3 (high-

intermediate risk), and 4/5 (high risk) was 10.8, 6.8, 6.5, and 5.1 months, respectively. 

Figure 2 shows the Kaplan-Meir survival curves by MDACC score. We also obtained 95% 

confidence intervals of c-statistics=0.444 (0.388, 0.498) with the RMH cancer risk scoring 

method and c-statistics=0.410 (0.359, 0.462) with the MDACC cancer risk scoring method.

Discussion

In this study, we evaluated patient characteristics and OS for 243 consecutive patients with 

advanced GI tumors who participated in phase I clinical trials from 2007 to 2013 at Moffitt 

Cancer Center. This is the largest study of this patient population to date. Prior studies have 

evaluated patient characteristics and have proposed models for predicting patient survival but 

not in a specific population of patients with GI malignancies. In fact, very little data are 

available for this patient population, as well as in regard to which patient characteristics may 

influence survival. We also applied the RMH and MDACC prognostic scores that were 

developed using different disease types to our dataset to evaluate for consistency.

There have been many limitations of prior studies evaluating which patient factors are 

predictive of survival. In fact, in those investigations that have evaluated phase I trials, 

almost all have included patients with all cancer types. Only a limited number of studies 

have so far evaluated phase I patient outcomes and the corresponding patient characteristics 

in specific cancer populations including gastrointestinal (GI) malignancies.17,18 It is not 

understood whether differences in the pathophysiology of various malignancies can have a 

meaningful impact on prognostic factors. More studies are required within specific cancer 

populations to validate existing studies and evaluate for possible differences. Furthermore, 

treatments have become increasingly diverse, which can now include targeted therapies and 

immunomodulatory agents. Therefore, further studies are needed to evaluate patient 

populations in specific therapy classes. Because novel agents, including targeted and 

immunotherapy, have become more common, studies of prognostic models will need to 

adapt and incorporate a more representative population.19
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Our multivariate analysis revealed improved survival associated with ECOG score ≥1, prior 

systemic therapies <2, LDH ≤618 IU/L, sodium >135 mmol/L, and WBC ≤6 × 109. ECOG 

Performance status, LDH levels, and number of prior therapies have been demonstrated to 

be prognostic factors in oncology patients participating in phase I clinical trials. In addition, 

we found hyponatremia and increased WBC count >6,000/μL to be a negative prognostic 

factor in our study. This is consistent with studies that have noted hyponatremia as a 

predictor of increased mortality in cancer patients as well as in the general population.20–23 

However, these are small, retrospective studies that need further validation, especially in the 

setting of phase I clinical trials. Leukocytosis has also been associated with a worse 

prognosis in certain groups of cancer patients.24–27 Interestingly, previous studies have 

failed to show prognostic significance associated with increasing patient age.28,29 As we 

continue to evaluate these patient populations and their characteristics, we will improve our 

ability to predict survival.

In our GI patient group, we found median OS to be 5.8 months (0.2–52.4 months). We also 

noted a median PFS of 2 months (0.2–30.8 months). These findings are consistent with prior 

reports of phase I participants that included all malignancies, which showed OS between 5 

and 10 months.8,14,30,31 It is expected that survival may improve in the future, especially as 

novel therapies including targeted therapies and immunotherapy become increasingly 

available. In our series, patients receiving combination of chemotherapy and targeted agents 

had better clinical outcomes than either treatment regimen alone. These findings need to be 

confirmed in a larger study. The patient populations evaluated in each study vary widely in 

type of malignancy, treatment type, institution, and many other variables, which may affect 

those patient characteristics predictive of survival.

We found that phase I clinical trials are a reasonable treatment option for patients with GI 

malignancies. The perception of phase I clinical trials as a valid treatment option will 

continue to improve as increasing evidence supports the role of clinical trials in patient care 

and guide patient selection into trials. The characteristics described here can potentially be 

used to evaluate patients for enrollment in phase I clinical trials. As more prognostic 

information becomes available regarding specific patient populations, it will remain crucial 

to evaluate each patient as an individual. It must be recognized that prognostic models 

cannot replace clinical judgment. Because there are limitations to the utility of prognostic 

models, there are also multiple limitations to our study. Although our sample size is the 

largest evaluation of all phase I GI cancer patients to date, a larger sample size would be 

required to more precisely translate our findings to broader populations.

In addition, because of the retrospective nature of our study, our results would need to be 

validated in future prospective studies. Our study also evaluated patients over a 6-year time 

span, which may be viewed as a limitation due to the development of newer therapeutic 

options. However, we did not find any differences in the survival by the year of enrollment. 

Our patients received a diverse range of therapeutic agents, with the majority receiving 

targeted therapy alone or a combination of chemo- and targeted therapy. This is consistent 

with the recent trend in drug development. This study includes patients from a single cancer 

center and therefore includes bias in patient selection, management decisions, malignancy 

types, and treatments that may not be reflective of the general patient population. We also 
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recognize a selection bias because phase I study-related eligibility criteria typically excludes 

patients with poor performance status and organ dysfunction.

Clinical judgment continues to be the cornerstone for selecting patients for participation in 

early-phase clinical trials. It is unlikely that any prognostic model will be developed that can 

accurately predict outcomes for diverse groups of patients who may wish to enroll in phase I 

clinical trials. Despite this, the complexities and limitations of attempting to predict patient 

mortality in phase I studies should not deter the future evaluation of these patient 

populations. The models to predict outcome will continue to guide clinical decision making 

and are a key step in developing successful and efficient clinical trials in the future.
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Figure 1. 
Application of Royal Marsden Hospital Prognostic score to our dataset. The model includes 

LDH >618 IU/L, albumin <3.5 mg/dL, and number of metastatic sites >2. Each variable was 

assigned one point with scores of 3 considered high risk and score of 0 being lowest. The 

median survival of subjects with score of 0 (low risk), 1 (low-intermediate risk), 2 

(intermediate risk), and 3 (high risk) was 9.4, 6.6, 6.7, and 3.7 months, respectively 

(P<0.0001).
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Figure 2. 
Application of MD Anderson Cancer Center Prognostic score to our dataset. The model 

includes LDH >618, albumin <3.5, number of metastatic sites >2, ECOG performance status 

≥1, and GI tumor type. Each variable was assigned one point, with 5 considered high risk 

and 0 being lowest. The median survival of patients with score of 1 (low-intermediate risk), 

2 (intermediate risk), 3 (high-intermediate risk), and 4/5 (high risk) was 10.8, 6.8, 6.5, and 

5.1 months, respectively (P=0.0004).
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Table 1

Baseline Patient Characteristics

Variable N (%)

Age (years)

>60 years 135/243 (55.56%)

≤60 years 108/243 (44.44%)

Gender

Male 134/243 (55.1%)

Female 109/243 (44.9%)

History of DVT/PE

No 214/243 (88.1%)

Yes 29/243 (11.9%)

Disease site

Pancreas 101/243 (41.6%)

Colorectal 83/243 (34.2%)

Gastro-esophageal 24/243 (9.9%)

Hepatobiliary 31/243 (12.8%)

Others 4/243 (1.6%)

Treatment type

Chemo+targeted 103/243 (42.4%)

Chemo only 35/243 (14.4%)

Targeted Only 100/243 (41.1%)

Other 5/243 (2.1%)

ECOG score

0 67/243 (27.6%)

≥1 176/243 (72.4%)

Number of metastatic sites

≤2 168/243 (69.1%)

>2 75/243 (30.9%)

Prior systemic therapies

≤1 100/243 (41.1%)

>1 143/243 (58.9%)

Presence of lung metastasis

No 146/243 (60.1%)

Yes 97/243 (39.9%)

Presence of liver metastasis

No 57/243 (23.5%)
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Variable N (%)

Yes 186/243 (76.5%)

Prior radiation

No 170/243 (70.0%)

Yes 73/243 (30.0%)

Prior surgery

No 112/243 (46.1%)

Yes 131/243 (53.9%)

Albumin

<3.5 g/dL (LLN) 66/243 (27.2%)

>3.5 g/dL 177/243 (72.8%)

ALT

≤41 IU/dL (ULN) 137/212 (64.6%)

>41 IU/dL 75/212 (35.4%)

AST

≤50 IU/dL (ULN) 160/214 (74.8%)

>50 IU/dL 54/214 (25.2%)

Bilirubin

≤1.2 mg/dL (ULN) 221/243 (90.9%)

>1.2 mg/dL 22 (9.1%)

Glucose

≤110 mg/dL 136/243 (56.0%)

>110 mg/dL 107/243 (44.0%)

Hemoglobin

<10 g/dL 40/243 (16.5%)

≥10 g/dL 203/243 (83.5%)

INR

≤1.1 167/229 (72.9%)

>1.1 62/229 (27.1%)

LDH

≤618 IU/L 125/190 (65.8%)

>618 IU/L 65/190 (34.2%)

Neutrophil

≤3.5 × 109/L (LLN) 37/71 (52.1%)

>3.5 × 109/L 34/71 (47.9%)

Platelet
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Variable N (%)

<140 × 109/L 55/243 (22.6%)

≥140 × 109/L 188/243(77.4%)

Sodium

≤135 mmol/L (LLN) 41/243 (16.9%)

>135 mmol/L 202/243(83.1%)

Serum protein, total

<6.6 g/dL 57/243 (23.5%)

≥6.6 g/dL 186 (76.5%)

WBC

≤6 × 109/L 123/243 (50.6%)

>6 × 109/L 120/243 (49.4)

ALT, alanine transaminase; AST, aspartate transaminase; DVT/PE, deep vein thrombosis/pulmonary embolism; ECOG, Eastern Cooperative 
Oncology Group; INR, International Normalized Ratio; LDH, lactate dehydrogenase; LLN, lower limits of normal; ULN, upper limits of normal; 
WBC, white blood cells.
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Table 2

Univariate Analysis

Variable Reference Level HR (95% CI) Overall P Value

Age ≤60 years >60 years 0.89 (0.66,1.2) 0.4485

Gender Male Female 0.85 (0.63,1.15) 0.2894

History of DVT/PE No Yes 1.43 (0.89,2.3) 0.1371

Disease Site Pancreas Others 1.15 (0.85,1.56) 0.3663

Sponsor Type Industry Externally peer reviewed 1.72 (1.03,2.86) 0.0551

Industry Institutional 0.81 (0.52,1.26)

Treatment Class Chemotherapy Chemotherapy and targeted 1.12 (0.72,1.75) 0.3722

Chemotherapy Others 5.21 (0.67,40.65)

Chemotherapy Targeted therapy 1.25 (0.79,1.97)

ECOG Score 0 ≥1 1.89 (0.34,2.69) 0.0003

Lung Metastases No Yes 0.9 (0.66,1.22) 0.4906

Liver Metastases No Yes 1.37 (0.96,1.96) 0.0814

Prior Radiation No Yes 1.04 (0.74,1.45) 0.8338

Prior Surgery No Yes 0.84 (0.62,1.14) 0.2581

Metastatic Sites ≤2 >2 1.12 (0.8,1.57) 0.4986

Prior Systemic ≤1 >1 1.48 (1.08,2.02) 0.0141

Therapies

Albumin <3.5 g/dL ≥3.5 g/dL 0.74 (0.54,1.03) 0.0746

ALT ≤41 IU/dL >41 IU/dL 1.27 (0.89,1.82) 0.1817

AST ≤50 IU/dL >50 IU/dL 1.44 (0.98,2.1) 0.0629

Bilirubin ≤1.2 mg/dL >1.2 mg/dL 1.77 (1.07,2.94) 0.0267

Glucose ≤110 mg/dL >110 mg/dL 1.2 (0.89,1.63) 0.2293

Hemoglobin <10 g/dL ≥10 g/dL 0.82 (0.54,1.23) 0.3354

Hemoglobin_new ≤11 g/dL >11 g/dL 0.86 (0.64,1.17) 0.3392

INR <1.1 >1.1 0.86 (0.64,1.17) 0.3392

LDH ≤618 IU/L >618 IU/L 2.07 (1.44,2.96) <0.0001

Neutrophil ≤3.5 × 109 >3.5 × 109 1.64 (0.98,2.75) 0.0602

Platelet <140 × 109/L ≥140 × 109/L 1.12 (0.78,1.61) 0.5454

Sodium ≤135 mmol/L >135 mmol/L 0.56 (0.38,0.83) 0.0033

Total Serum Protein <6.6 g/dL ≥6.6 g/dL 1.01 (0.7,1.44) 0.9704

WBC ≤6 × 109 >6 × 109 2.23 (1.63,3.06) <0.0001
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Table 3

Multivariate analysis

Reference Variable Level Hazard Ratio (95% CI) Overall P Value

ECOG Score 0 ≥1 1.76 (1.19, 2.62) 0.0049

Prior Systemic Therapy <2 ≥2 1.63 (1.1, 2.4) 0.0146

LDH ≤618 IU/L >618 IU/L 1.85 (1.29, 2.67) 0.0009

Sodium ≤135 mmol/L >135 mmol/L 0.46 (0.28, 0.76) 0.0021

WBC ≤6 × 109 >6 × 109 1.5 (1.06, 2.14) 0.0233
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