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GRAPHICAL ABSTRACT

PUBLIC SUMMARY
■   Immortal time bias (ITB) was pervasive and detrimental in clinical follow-up studies.

■   Due to ITB risk, spurious negative associations between hypomagnesemia and cancer prognosis were reported.

■   Greater attention should be given to ITB in study design and analysis, with emphasis on time zero.

■   To address ITB, appropriate approaches should align with study population, research objective, and estimand.

■   The development and adoption of guidelines for controlling ITB are strongly advocated.

M
ed

icine
    REPORT

The Innovation Medicine 3(2): 100124, May 29, 2025　　　  1

mailto:yzhao@njmu.edu.cn
mailto:xinzhao1104@163.com
mailto:yzhao@njmu.edu.cn
mailto:xinzhao1104@163.com
https://doi.org/10.59717/j.xinn-med.2025.100124
https://doi.org/10.59717/j.xinn-med.2025.100124
https://doi.org/10.59717/j.xinn-med.2025.100124
https://creativecommons.org/licenses/by/4.0/


 

Association between incidence of hypomagnesemia and better
prognosis of NSCLC: A case on the immortal time bias
Jiawei Zhou,1,2,10 Dongfang You,2,10 Mengkai Chen,2,10 Xin Chen,3 Sina Wang,2 Bin Peng,1 Theis Lange,4 Hongxia Ma,5 Hongbing Shen,5 Feng Chen,2

Xin Zhao,6,* Yang Zhao,2,7,8,* and David C. Christiani9

 

1Department of Health Statistics, College of Public Health, Chongqing Medical University, Chongqing 401331, China
 

2Department of Biostatistics, School of Public Health, Nanjing Medical University, Nanjing 211166, China
 

3Department of Health Statistics, College of Preventive Medicine, Army Medical University, Chongqing 400038, China
 

4Section of Biostatistics, Department of Public Health, Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen 1353, Denmark
 

5Department of Epidemiology, Center for Global Health, School of Public Health, Nanjing Medical University, Nanjing 211166, China
 

6Department of Respiratory and Critical Care Medicine, Jiangsu Province Hospital, The First Affiliated Hospital of Nanjing Medical University, Nanjing 210029, China
 

7Jiangsu Key Lab of Cancer Biomarkers, Prevention and Treatment, Collaborative Innovation Center for Cancer Personalized Medicine, Nanjing Medical University,
Nanjing 211166, China

 

8National Vaccine Innovation Platform, School of Public Health, Nanjing Medical University, Nanjing 211166, China
 

9Department of Environmental Health, Harvard TH Chan School of Public Health, Harvard University, Boston 02115, USA
 

10These authors contributed equally
*Correspondence:  yzhao@njmu.edu.cn (Y.Z.);  xinzhao1104@163.com (X.Z.)
Received: November 27, 2024; Accepted: March 31, 2025; Published Online: April 8, 2025; https://doi.org/10.59717/j.xinn-med.2025.100124
© 2025 The Author(s). This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/).
Citation: Zhou J., You D., Chen M., et al. (2025). Association between incidence of hypomagnesemia and better prognosis of NSCLC: A case on the immortal time bias. The Innovation
Medicine 3:100124.
 
Background: Previous studies  predominantly  reported that  the  occurrence
of  hypomagnesemia  was  associated  with  improved  cancer  prognoses.
However, utilizing publicly available data, we demonstrated the presence of
bias  in  this  association,  attributable  to  the  failure  to  account  for  immortal
time bias (ITB) when grouping patients based on post-therapeutic charac-
teristics/variates. Methods: This  research  included  4,172  individuals  from
four  clinical  trials  of  Atezolizumab  (NCT02366143,  NCT02367794,
NCT02367781, NCT02008227) in non-small cell lung cancer (NSCLC). Joint
modelling,  landmark,  and  clone-RMST  (restricted  mean  survival  time)
methods were performed to remove ITB. Previous studies about hypomag-
nesemia and prognosis in cancers were pooled. Results: Under the risk of
ITB,  spurious  benefits  in  progression-free  survival  (PFS)  and  overall
survival (OS) were observed in patients with at least one episode of hypo-
magnesemia, based  on  our  research  and  previous  studies.  When  control-
ling for ITB, the initially observed false beneficial effect disappeared, reveal-
ing a significant association between hypomagnesemia and worse OS [HR:
1.01 (1.00, 1.02), P=0.0330] in joint modelling. A similar trend was observed
in  PFS [HR:  1.01  (1.00,  1.02), P=0.0564].  Consistent  results  were  obtained
from  landmark  and  clone-RMST  analysis.  The  estimands  and  application
scenarios  of  the  three  methods  were  compared  and  discussed. Conclu-
sions: Three methods were utilized and recommended to control ITB. Time
zero definition should be emphasized to avoid ITB with advocacy of guide-
lines. In NSCLC, serum magnesium levels could serve as a potential prog-
nostic biomarker in first-line therapy, but not in non-first-line therapy.
 

INTRODUCTION
Lung cancer was the most prevalent tumor and the leading cause of death

worldwide  and  in  China  in  2,022.1-3 Targeted  therapy  and  immunotherapy
have enhanced prognosis  of  non-small  cell  lung cancer  (NSCLC),  extending
both  progression-free  survival  (PFS)  and  overall  survival  (OS).  Prognostic
prediction  and  identification  of  prognosis  factors  have  been  prominent  in
cancer research.4-7 In the realm of NSCLC, it has been a common practice to
rely on specific events for predicting prognosis. For instance, the manifesta-
tion  of  hand-foot  syndrome  typically  signified  the  effectiveness  of  tyrosine
kinase  inhibitors  (TKIs),  while  immune-related  adverse  events  commonly
served  as  predictors  for  survival  benefits  of  PD-(L)1.8,9 Furthermore,  the
occurrence of  hypokalemia was associated with a more favorable response
to anti-EGFR targeted therapy.10

Previously,  the  correlation  between  dietary  intake  of  electrolytes  and  lung
cancer  incidence  were  reported.11 Mechanistic  studies  have  reported  that
electrolytes, including  magnesium,  sodium,  and  potassium,  act  as  compo-
nents of microenvironment, influencing the regulation of immune response.12-14

Magnesium  (Mg2+)  is  an  essential  ion  playing  an  instrumental  role  in  cell

proliferation,  differentiation,  migration,  and  apoptosis.15 However,  conflicting
findings have  emerged  in  multiple  studies  regarding  the  prognostic  signifi-
cance of hypomagnesemia in cancer patients. Some studies suggested that
hypomagnesemia predicted better survival, while others did not.16,17 Crucially,
it is imperative to note that these results may be susceptible to immortal time
bias (ITB).

The presence of ITB was commonly attributed to flaws in study design or
data  analysis;  regrettably,  it  was  frequently  disregarded  by  researchers.
Immortal  time  refers  to  a  follow-up  period  during  which  no  event  (study
outcome, e.g. death or disease progression) can occur due to the definition of
exposure.18 Bias arises when individuals are divided into comparison groups
based  on  a  potential  factor  that  was  unknown at  study  entry  (baseline)  but
later  identified (a time-delayed exposure)  during the follow-up period (in the
future).19 Patients are grouped based on this post-baseline exposure, with the
assurance  that  those  in  the  exposure  group  will  not  experience  the  study
outcome before the occurrence of exposure. If patients experienced the study
outcome before the occurrence of exposure,  they would be categorized into
non-exposure  group,  or  control  group.  Patients  in  the  exposure  group  are
susceptible to immortal time, while patients in the control group are not. This
susceptibility  leads  to  an  exaggerated  or  false  inverse  association  being
attributed to exposure, ultimately resulting in a spurious advantage for expo-
sure. ITB commonly occurs in observational studies and post-hoc analyses,
where clinical trials are considered as cohorts.

Therefore,  we conducted this  post-hoc analysis  to  demonstrate  the influ-
ence  of  ITB  on  the  association  of  hypomagnesemia  and  prognosis.  We
emphasized  the  importance  of  carefully  defining  time-zero  to  avoid  ITB  in
clinical  follow-up  studies.  Our  initial  objective  was  to  examine  the  potential
impact of hypomagnesemia on prognosis with presence and absence of ITB
using  patient-level data  from  clinical  trials.  Subsequently,  we  explored  vari-
ous approaches to mitigate ITB and discussed their corresponding estimand
and analysis. Finally, we collected and pooled previous studies on hypomag-
nesemia  and  survival  across  diverse  tumor  types,  categorizing  them  based
on whether ITB was addressed, to summarize its impact and the valid asso-
ciation. 

MATERIALS AND METHODS 

Data Source
Individual-level  data  were  from  four  phase  III  multi-center  randomized

controlled  trials  involving  4,172  advanced  NSCLC  patients,  who  received
different  line  therapies  with  or  without  Atezolizumab  (IMpower150,
NCT02366143;  IMpower131,  NCT02367794;  IMpower130,  NCT02367781;
OAK,  NCT02008227).  The  data  profile  and  summaries  are  presented  in
Figure  1 and Table  S1,  respectively.  Detailed  descriptions  were  published
elsewhere.20-23
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Outcome
OS and PFS were assessed as co-primary endpoints in the three trials with

first-line  therapy  (IMpower150,  IMpower131,  and  IMpower130),  and  as
primary  and  secondary  endpoints  in  OAK  with  non-first-line  treatment,
respectively.  To  account  for  all  serum magnesium measurements,  the  start
date for OS/PFS was defined as the initial laboratory record. 

Quality-of-life questionnaires
The  European  Organization  for  Research  and  Treatment  of  Cancer

(EORTC) Quality of Life Questionnaire - Core 30 (QLQ-C30) version 3, along-
side  the  supplemental  lung  cancer  module,  QLQ-LC13,  were  utilized  to
assess patients’ quality of life. The QLQ-C30 comprises five multi-item scales
evaluating  functioning  (physical,  emotional,  role,  cognitive,  and  social),  three
multi-item scales measuring symptoms (fatigue,  nausea/vomiting,  pain),  six
single-item symptoms  (dyspnea,  insomnia,  appetite  loss,  constipation,  diar-
rhea,  and  financial  difficulties),  and  a  comprehensive  global  health
status/quality  of  life  scale.24 Additionally,  the  QLQ-LC13  module  includes  a
multi-item scale specific to dyspnea and several single-item scales address-
ing  pain,  coughing,  sore  mouth,  dysphagia,  peripheral  neuropathy,  alopecia,
and hemoptysis.25 Each item is rated on a scale ranging from 1 to 4, or 1 to 7
for the global health status, and these ratings are then converted linearly to a
scale  score  between  0  and  100.  Higher  scores  indicate  a  higher  level  of
response,  which  can  signify  increased  symptom  severity,  better  functional
status, or enhanced health-related quality of life. 

Blood Magnesium Level
Blood  magnesium  level  (mmol/L)  was  measured  in  the  serum  chemistry

test  at  screening  and  every  21  days  (3  weeks)  during  all  anti-cancer treat-
ment cycles. The reported laboratory results included numerical values, units,
reference  ranges,  and  clinical  significance.  Hypomagnesemia  or  non-hypo-
magnesemia was defined by whether the blood magnesium level was below
the lower  limit  of  the  reference range.  For  the  analysis  involving continuous
serum magnesium, magnesium values underwent a natural base logarithmic
transformation,  scaling,  and  subsequent  standardization  based  on  different
reference ranges. 

Covariates in Models
To  account  for  the  potential  confounding  and  population  heterogeneity,

covariates  adjusted  in  our  analysis  include  treatment  arms,  age,  sex,  race,
Eastern  Cooperative  Oncology  Group  (ECOG)  performance  status,  tobacco
use,  immune  cell  score,  histology  type  (non-squamous,  squamous)  and
number of prior therapies based on previously reported post-hoc analyses of
clinical  trials  involving  Atezolizumab.26 Considering  the  potential  effect  of
serum  magnesium  on  tumor  proliferation  and  metastasis,  we  additionally
controlled the stage at diagnosis and the number of metastatic sites.27
 

Statistical Analysis
To  demonstrate  the  impact  of  ITB,  we  initially  conducted  the ‘misleading

analysis’ that,  although  commonly  used,  were  susceptible  to  this  bias.
Patients were categorized into hypomagnesemia and non-hypomagnesemia
groups  according  to  whether  at  least  one  episode  of  hypomagnesemia
happened  before  the  outcome  events  (death  or  disease  progression).  This
grouping  introduced  ITB,  as  patients  in  the  hypomagnesemia  group  were
considered “immortal” until  hypomagnesemia  occurred - a  condition  not
applicable  to  the  non-hypomagnesemia  group.  The  immortal  time  in  the
hypomagnesemia group resulted in a misleading reduction in event risk and
overestimation of survival time for this group. We used Kaplan-Meier curves
and  log-rank tests  for  comparisons  of  PFS  and  OS  between  hypomagne-
semia and non-hypomagnesemia groups in the misleading analyses.

To control ITB, we employed three analytic strategies (Figure 1). Firstly, as
the primary analysis, we considered serum magnesium as a time-dependent
exposure and performed joint  modelling to investigate the average associa-
tion  between  serum  magnesium  and  survival  throughout  the  entire  follow-
up.28 A meta-analysis would be performed to pool results and explore hetero-
geneity among four trials. Joint modelling was a method that could simulta-
neously analyze longitudinal measurements and survival data with two linked
sub-models.  The  generalized  linear  mixed  effects  sub-model  specified  the
time  course  of  time-dependent  measurements.  Cox  proportional  hazards
model  was  utilized  to  estimate  hazard  ratios  (HRs)  for  survival  data.  Joint
modelling  was  performed  using  the  R  package “JMbayes2”,  employing  the
Bayesian  approach  and  the  Markov  Chain  Monte  Carlo  algorithms  (details
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Figure 1.  Data profile and analysis steps Hypo-mg: hypomagnesemia; mg: magnesium; NSCLC: non-small cell lung cancer. A: atezolizumab; B: bevacizumab; C: carboplatin; P:
paclitaxel; nP: nab-paclitaxel; D: Docetaxel. RMST: restricted mean survival time, IPCW: inverse probability of censoring weight, OS: overall survival, PFS: progression-free survival.
EORTC: European Organization for Research and Treatment of Cancer. QLQ-C30 V3: Quality of Life Questionnaire - Core 30 version 3. QLQ-LC13: Quality of Life Questionnaire -
Lung Cancer 13.
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were  described  in  the  Supplementary  Methods).  All  the  above-mentioned
covariates,  and  baseline  serum  magnesium,  were  adjusted.  Secondly,  as
supportive  analyses,  landmark  analysis  and  clone-RMST  method  were
applied  to  explore  the  association  of  early-onset  hypomagnesemia  and
survival.  In  landmark  analysis,  only  patients  without  disease  manifestations
or  those who were  alive  beyond the  cut-off  date,  which was set  as  the  21st

day after randomization, were included. Patients were divided into hypomag-
nesemia  and  non-hypomagnesemia groups  based  on  whether  they  experi-
enced at least one hypomagnesemia before the cut-off date. Any hypomag-
nesemia  occurring  after  the  cut-off  date  was  ignored.9 In  clone-RMST
method, duplicates of every eligible participant were generated at the start of
follow-up  (the  date  of  initial  laboratory  record).29 Two  replicates  were
assigned to  either  hypomagnesemia group or  non-hypomagnesemia group,
respectively.  Patients  in  the  hypomagnesemia  group  were  artificially
censored  at  the  cut-off  date  (21st day  after  randomization)  if  they  did  not
experience hypomagnesemia,  while those assigned to the non-hypomagne-
semia  group  were  censored  when  hypomagnesemia  developed  during  the
follow-up. In cloning procedure,  it  should be noted that  the artificial  censor-
ing  produces  informative  censoring  (potential  selection  bias  over  time),  and
the inverse probability of censoring weighting (IPCW) was employed through
Cox regression  model.29,30 Furthermore,  since  the  cloning  step  would  violate
the  proportional  hazard  assumption,  the  restricted  mean  survival  time
(RMST) method was performed to compare survival between groups.29 Non-
parametric bootstrap with 500 replications was utilized to estimate 95% CIs.
In  sensitivity  analyses,  alternative  cut-off  dates,  the  42nd day  and  63rd day
after randomization, were considered in landmark and clone-RMST method.
To confirm the robustness of the clone-RMST method, IPCW analyses were
conducted  using  pooled  logistic  regression  model,  incorporating  time-vary-
ing covariates such as age, ECOG performance status, and continuous serum
magnesium levels, as well as the time-invariant covariates mentioned earlier.
Subgroup analyses were conducted among patients receiving Atezolizumab
therapy to evaluate the consistency of associations across diverse therapeu-
tic  contexts.  Additionally,  we  delved  into  the  correlation  between  serum

magnesium levels  and  prognosis  in  individu-
als  with  distinct  metastatic  sites,  with  the
objective of  elucidating  potential  heterogene-
ity  in  metastatic  patterns.  This  investigation
was spurred  by  intricate  results  from mecha-
nistic studies,  which  have  indicated  a  poten-
tial  link  between  magnesium  and  both  tumor
progression  and  metastasis,  warranting
further  exploration.  Data  was  authorized  by
Roche Data Sharing Team and analyzed using
R  software  (version  4.1.1)  on  the  Vivli
(https://vivli.org/) platform. 

Systematic  Review  of  Previous  Studies
about Hypomagnesemia and Prognosis

We  reviewed  published  reports  about  the
effect of serum magnesium on the survival of
cancer  patients  from  PubMed  as  of  31st,
December  2024.  An  electronic  literature
search was conducted using keywords “hypo-
magnesemia”, “hypomagnesaemia”, “magne-
sium” “mg” “magnesium  disorder” “magne-
sium  modification”, “cancer”, “carcinoma”,
“malignancy”, “tumor”, “efficacy”, “effect”,  and
“prognosis”.  The  search  was  restricted  to
papers  published  in  English.  Letters  and

conference  abstracts  were  excluded.  Relevant  reviews  and  meta-analyses
were  also  examined  to  identify  eligible  studies.  The  research  was  included
based on the following criteria: patients diagnosed with tumors; studies that
reported  hazard  ratios  (HRs)  for  PFS  and/or  OS  associated  with  serum
magnesium/ hypomagnesemia which occurred during treatment or after the
first  dose  of  therapy.  Studies  on  baseline  serum  magnesium  and  cancer
prognosis were excluded because they were not related to ITB. The following
information was  abstracted  from  the  included  studies:  first  author,  publica-
tion  year,  cancer  type,  line  of  treatment,  intervention,  number  of  patients,
comparison, PFS,  OS,  and  HR.  We  classified  eligible  studies  into  two  cate-
gories, namely those controlling for immortal time bias and those at the risk
of immortal time bias based on whether the potential impact of the bias was
properly accounted for  in  statistical  analysis.  Due to  the  substantial  hetero-
geneity,  random  effect  models  were  applied  to  pool  the  HRs  within  each
category, except in cases where there were fewer than three studies. 

Exploratory analysis
To explore the association between serum magnesium levels and quality-

of-life  outcomes,  we  performed  linear  mixed-effect  model  to  assess  the
correlation  between  serum  magnesium  levels  (including  continuous  serum
magnesium levels, changes from baseline, and the presence of hypomagne-
semia)  and the  quality-of-life  questionnaires  (including EORTC QLQ-C30 V3
and EORTC QLQ-LC13). 

RESULTS 

Patients Characteristics
This  analysis  included  participants  from  IMpower150  (N=1,202),

IMpower131 (N=1,021), IMpower130 (N=724), and OAK (N=1,225), with a total
sample size of 4,158 patients who had the laboratory test of serum magne-
sium  (Figure  1).  We  observed  potential  confounding  bias  presented  as  an
imbalance  at  the  standardized  mean  difference  (SMD)  of  more  than  0.1
among groups (Tables S2-S9). 

 

Figure 2.  Under  the  risk  of  immortal  time  bias,
Kaplan-Meier  curves  for  overall  survival  (OS)
among  patients  whether  hypomagnesemia
occurred  in  any  laboratory  test Hypo-mg:  hypo-
magnesemia. (A): IMpower150, (B): IMpower131, (C):
IMpower130, (D): OAK.
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Impact of the Immortal Time Bias
The spurious protective effect of hypomagnesemia on OS was observed in

IMpower150, and 130, and similar results could be observed in IMpower131
and  OAK  without  significance  (Figure  2).  Meta-analysis  of  previous  studies
that were at the risk of ITB showed a similar trend, with HR as 0.87 (95% CIs:
0.66-1.15, P=0.3204)  (Table  1).  When  PFS  was  evaluated  as  the  outcome,
both IMpower150, IMpower130, and OAK demonstrated a spurious negative
association  between  hypomagnesemia  and  prognosis  (Figure  S1). Consis-
tent  results  were  observed  in  the  meta-analysis  of  previous  studies
conducted  across  different  types  of  cancers  (HR:  0.34,  95%  CIs:  0.19-0.62,
P=0.0004) (Table 1).17,31-37 However, upon controlling for ITB, inconsistent and
even  contradictory  results  were  observed.  Significantly  longer  OS  were
claimed  in  non-hypomagnesemia  group  in  IMpower130,  as  well  as  PFS  in
IMpower131  (Figures  3 & S2).  Of  the  previous  studies  included,  only  one
properly accounted for ITB using landmark analysis,  uncovering the positive
association between hypomagnesemia and prognosis [HR for PFS: 1.10 (0.78-
1.57);  HR  for  OS:  1.60  (1.10-2.31)]  in  colorectal  cancer.16 When  comparing
whether magnesium reduction was greater than 20% or not, significant asso-
ciations were identified with both PFS and OS [HR for PFS: 1.70 (1.10-2.65);
HR for OS: 2.01 (1.28-3.16)] (Table 1). 

Association between Hypomagnesemia and Prognosis
We observed a significant association between the exposure of hypomag-

nesemia  and worse  OS,  with  the  HR as  1.01  (1.00-1.02, P=0.0330). Hetero-
geneity among these four trials was claimed (I  square: 0.5544, P for hetero-
geneity: 0.0809)  (Figure  4).  Positive  association  could  be  observed  in
IMpower150 and IMpower130 with HRs as 1.03 (1.00-1.06, P=0.02) and 1.04
(1.01-1.08, P=0.0044) in the joint modelling analysis (Table 2). Serum magne-

sium  levels  and  the  change  from  baseline  were  found  to  increase  with
improved OS [HR: 0.80 (0.71, 0.91, P=0.0005); HR: 0.80 (0.70, 0.91), P=0.0007]
(Figure 4). Similarly, heterogeneity was observed, and significant association
was  claimed  in  all  trials  except  OAK  (Table  2).  Result  for  the  association
between  early-onset  hypomagnesemia  and  worse  OS  was  claimed  in
IMpower130  in  landmark  analysis  [Median  OS,  hypomagnesemia  vs.  non
hypomagnesemia: 8.54 (95% CI: 7.23-15.60) vs. 18.92 (95% CI: 16.76-20.40)
months, P<0.0001],  and  IMpower131  [shorter  restricted  mean  survival  time
(RMST) in hypomagnesemia group: -3.01 (95%CI: -5.72, -0.30) months]  and
130 [-5.73, (-8.10, -3.36) months] in clone-RMST (Figures 3 & S3).

A similar association between the exposure of hypomagnesemia and PFS
was observed without significance (HR: 1.01,  (1.00-1.02, P=0.0564) but with
heterogeneity  (I  square: 0.7469,  P  for  heterogeneity: 0.0079)  (Figure  4).
However,  worse  PFS was  claimed for  the  hypomagnesemia  in  IMpower150
and IMpower131 with HRs as 1.04 (1.02-1.07, P<0.0001) and 1.00 (1.00-1.01,
P=0.0389)  (Table  2).  Consistent  with  OS  findings,  serum  magnesium  levels
and the change from baseline were negatively associated with PFS in pooled
results  [HR:  0.78 (0.70,  0.86, P<0.0001);  HR:  0.78 (0.70,  0.88),  P<0.0001]  and
all  trials  except  OAK  (Figure  4, Table  2).  For  early-onset  hypomagnesemia,
shorter  PFS  was  observed  in  IMpower131  in  both  landmark  analysis  [5.68
(4.90-6.54)  vs.  6.41  (6.01-7.06)  month, P=0.009]  and  clone-RMST  [-2.76
(-4.77, -0.75) months] (Figures S2-S3). 

Association between serum magnesium levels  and quality-of-life ques-
tionnaires

We  observed  a  robust  association  between  serum  magnesium  levels
(including  continuous  standardized  levels,  changes  from  baseline,  and  the
presence  of  hypomagnesemia)  and  quality-of-life  assessments  using  the
EORTC  QLQ-C30  V3  and  EORTC  QLQ-LC13  questionnaires.  Specifically,  all
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Table 1.  Studies of effect of hypomagnesemia on progression-free survival (PFS) and overall survival (OS) among cancer patients after treatment in PubMed.

Source Publication
Year

Cancer
Location

Therapy
line Comparison Sample

size
PFS
(months) HR OS

(months) HR

Category 1. Only patients survived longer than the observational window of magnesium reduction (Controlling immortal time bias)

Vickers et al. 2012 Colorectal FL Hypo-mg vs
non-hypo-mg

572

NA 1.10 (0.78-1.57) 3.7 vs 8.0 1.60 (1.10-2.31)

Magnesium
reduction
(≥ vs < 20%)

NA 1.70 (1.10-2.65) 3.8 vs 7.6 2.01 (1.28-3.16)

Category 2. All cancer patients after anti-tumor treatment (Risk of immortal time bias)

Vincenzi et al. 2008 Colorectal NFL
Magnesium
reduction
(> vs ≤ 20%)

68 6.0 vs 3.6 0.19 (0.10-0.34) 10.7 vs 8.9 NA

Vincenzi et al. 2010 Colorectal NFL
Magnesium
reduction
(> vs ≤ 50%)

143 6.3 vs 3.6 0.14 (0.11-0.28) 11.0 vs 8.1 NA

Fujii et al. 2016 Colorectal NFL Hypo-mg vs
non-hypo-mg 43 9.0 vs 4.3 0.67 (0.36-1.25) NA NA

Price et al. a 2016 Colorectal NFL Hypo-mg vs
non-hypo-mg 496 6.7 vs 3.0 0.46 (0.38-0.56) 13.6 vs 8.7 0.63 (0.51-0.78)

NFL Hypo-mg vs
non-hypo-mg 503 6.6 vs 3.2 0.54 (0.43-0.69) 12.6 vs 9.3 0.71 (0.56-0.90)

Kimura et al. a 2020 Colorectal NFL Hypo-mg vs
non-hypo-mg 37 NA NA 19.1 vs 23.6 NA

NFL Hypo-mg vs
non-hypo-mg 31 NA NA 18.9 vs 17.3 NA

Liu et al. 2019 Ovarian NFL Frequency of
hypo-mg 229 NA NA NA 1.05 (1.02-1.09)

Liu et al. 2020 HNC NFL Frequency of
hypo-mg 439 NA NA NA 1.13 (1.01-1.26)

Xu et al. 2024 NSCLC NA ≥ 0.73 mmol/L
vs < 0.73 mmol/L 91 11.93 vs 6.70 NA 28.78 vs 11.37 NA

Overall
(Category 2) NA NA NA NA 1,253/1,667 NA 0.34 (0.19-0.62) NA 0.87 (0.66-1.15)

a These studies performed analysis of magnesium effect in two different treatment arms.
Abbreviations: PFS: progression-free survival. OS: overall survival. Hypo-mg: hypomagnesaemia. HR: Hazard ratio. NA: Not applicable. FL: First line. NFL:
Non first line. HNC: Head and neck cancer. NSCLC: non-small cell lung cancer.

REPORT

The Innovation Medicine 3(2): 100124, May 29, 2025　　　  5



15  items  in  the  QLQ-C30  and  10  items  in  the  QLQ-LC13  were  found  to  be
associated with at least one aspect of serum magnesium levels.  Notably,  in
the  QLQ-C30,  the  diarrhea symptom scale,  fatigue symptom scale,  physical
symptom  scale,  global  health  status  scale,  role  functional  scale,  and  social
functional  scale exhibited correlations with serum magnesium levels across
all  four  trials.  Similar  findings  were  observed  for  the  alopecia  and  dyspnea
items in the QLQ-LC13 (Tables S11-S14). 

Subgroup and sensitivity analyses
In  subgroup analyses (Table  S10, Figures S4-S6)  and sensitivity  analyses

(Figures S7-S15), similar results were observed. However, in the case of non-
first-line  therapy in  OAK,  serum magnesium exhibited no discernible  impact
on either OS or PFS in most analyses (Table 2, Figure 3, Figures S2-S3). 

DISCUSSION
Our findings indicated that the existence of pervasive and detrimental  ITB

could  induce  a  falsely  negative  association  between  hypomagnesemia  and
prognosis  in  various  cancers.  Upon  addressing  ITB,  the  spurious  negative
association  was  nullified,  and  instead,  a  positive  association  was  asserted,
irrespective  of  treatment  modalities  in  the  first-line  therapy  of  NSCLC.  This
finding was consistent with the previous study considering ITB. In contrast, in
the  non-first-line  therapy,  the  relationship  between  hypomagnesemia  and
survival  was not observed. Caution should be exercised regarding ITB when
categorizing patients based on characteristics identified during the follow-up
period.

ITB  was  first  identified  in  the  1970s,  and  various  methods  or  strategies
were  developed  to  mitigate  its  impact.38,39 Three  innovative  and  practical
methods,  including  joint  modelling,  landmark  analysis,  and  clone-RMST
methods, were employed in our study.28-29,40-41 Joint modelling was a presen-
tative method that  utilized a time-dependent definition of  exposure,  encom-
passing  both  categorical  and  continuous  exposure,  which  is  one  among  a
series  of  strategies  that  also  involve  the  time-dependent  Cox  model  and
person time approach.42 These methods allowed individuals to contribute to

both  exposure  and  non-exposure  statuses
during  the  follow-up  period  and  facilitated
status  transformation.  The  HRs  derived  from
joint  modelling  provided  a  measure  of  the
average  effect  of  exposure  over  the  entire
follow-up period,  relative  to  the  non-exposure
status. However, estimation of precise survival
time  was  infeasible  using  this  method  due  to
non-specific patient subgrouping, which could
potentially  complicate  the  interpretation  of
findings  to  clinicians.  The  main  advantage  of
joint  modelling  over  misleading  analysis  was
the correct consideration of marker value with
measurement  error  at  the  cost  of  intensive
computation.  Landmark  analysis  was  the
most  pragmatic  approach  that  categorized
patients  according  to  the  exposure  status
within  a  pre-specified  interval,  excluding
participants  who  were  dead  or  censored
during  the  window  period.  This  exclusion
ensures the balance of immortal time between
the  exposure  and  non-exposure  groups,  thus
avoiding the exaggerated or spurious benefits
of the  exposure.  The  choice  of  the  assess-
ment  interval  was  largely  subjective,  and
appropriate consideration  from  clinical  exper-
tise  was  vital.  Different  intervals  were  crucial

for robustness and reliability of the results in sensitivity analyses. The expo-
sure definition overlooked the exposed status after  the assessment interval,
which  could  introduce  additional  misclassification  bias  from  multiple  late-
time exposures.  The  estimated HRs and survival  curves  examined the  rela-
tionship between early-onset exposure and outcome in patients who survived
beyond the specified observational window. Therefore,  this method may not
be applicable to diseases with high early mortality or low prevalence of expo-
sure. Additionally, the exclusion manner resulted in reduced sample sizes and
decreased statistical  power.  The attractive clone method employed duplica-
tions  of  each  participant  assigned  to  each  group,  ensuring  the  balanced
distribution of both immortal time and covariates between groups, to control
ITB and  confounding  bias,  which  could  be  implemented  within  the  frame-
work  of  the  target  trial  emulation.  Due  to  the  violation  of  the  proportional
hazard assumption caused by the similarities between groups throughout the
observational period,  the  Cox  proportional  hazards  model  was  not  recom-
mended.29 Sensitivity  analyses  with  different  observational  windows  were
necessary.  The  RMST  results  revealed  the  survival  disparity  between  early-
onset exposure groups within the entire population. The artificial doubling of
the sample  size  rendered the precise estimation of  variance for  the survival
difference  unattainable.  Instead,  this  estimation  was  obtained  through  non-
parametric bootstrap replications, and more statistical methodology research
was warranted.  For  the  comparison  of  the  statistical  capacity  among these
three methods, simulation was warranted for further exploration.

Nowadays,  many  investigators  or  sponsors  choose  to  deposit  their  data
generated  from  clinical  trials  into  public-available  databases.43 Data  from
clinical  trials,  especially  those  intended  for  regulatory  purposes,  comprise
extensive  patient  data,  timely  follow-up,  and high-quality  data-management
procedures. These clinical trial datasets, and other real-world data resources,
could  serve  as  valuable  cornerstones  for  characterizing  disease  features,
identifying prognostic factors, constructing prediction models, and empower-
ing treatment decisions.  However,  researchers should be aware of  the exis-
tence  and  risk  of  ITB  throughout  re-utilization.  Failure  to  account  for  ITB
would lead to a substantial overestimation or underestimation of the associ-

 

Figure 3.  Kaplan-Meier  curves  with  21-day land-
mark  analysis  for  overall  survival  (OS)  in  patients
with  or  without  hypomagnesemia Hypo-mg: hypo-
magnesemia. (A): IMpower150, (B): IMpower131, (C):
IMpower130, (D): OAK.
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ation or  effect.  We recommend researchers be cautious in  grouping partici-
pants  based  on  covariates/characteristics  generated  after  the  cohort
entry/baseline or during treatment. Moreover, the emphasis on defining time
zero  in  the  target  trial  emulation,  drawing  insights  from  randomized
controlled  trial  design,  aims  to  mitigate  ITB  and  enhance  the  quality  of
evidence derived from real-world research.30 Prudence in study designs and
statistical analysis strategies is crucial to ensure accurate and valid inference
on  the  effects.  We  advocated  the  establishment  and  implementation  of
guidelines for controlling ITB.

The  mechanism  of  serum  magnesium  on  cancers  puzzled  scientists.  In
animals, the pro- and anti-tumor effects could be both observed with inhibi-
tion  of  the  primary  tumor  site  and  increased  metastatic  colonization.27,44

Recently,  research  has  shown  that  certain  magnesium-associated
compounds have  the  potential  to  prevent  metastasis,  invasion,  and  recur-
rence  in  cell  cancer  models,  warranting  further  exploration.45,46 In  subgroup
analyses,  negative  associations  were  observed  between  serum  magnesium
and  PFS/OS  in  all  trials  involving  different  metastases,  except  all  different
metastatic sites in OAK (Figures S4-S6). In patients with 2+ metastatic sites,
significant  associations  were  identified  between  hypomagnesemia  and  PFS
in IMpower150, and OS in IMpower130 (Figure S6). In the context of first-line
treatment  for  NSCLC,  hypomagnesemia  has  been  observed  to  interact  with
cancer metastasis.  These  findings  raise  the  possibility  that  hypomagne-
semia may exert a detrimental influence on tumor progression, particularly in
patients with multiple metastases, or that it may be associated with specific

patient  subpopulations  or  therapeutic  interventions.  Further  research  is
needed to investigate the role of serum magnesium in patients with metas-
tases  and  its  potential  contribution  to  cancer  metastasis.  In Figure  3, land-
mark analysis  in  IMpower150 showed a slightly  longer  OS in  the hypomag-
nesemia  group.  However,  this  gap  was  diminished  at  42nd-day and  subse-
quently vanished at 63rd-day landmark (Figures S9-S10). Furthermore, clone-
RMST  results  for  IMpower150  showed  wide  confidence  intervals,  spanning
23.69 months (-11.58 to 12.11) for PFS, and 81.17 months (-26.30 to 54.87)
for OS (Figure S3). In sensitivity analyses, length of confidence intervals was
shorter  than  that  of  21-day  clone-RMST  results  [42-day:  22.06  months  in
PFS  and  76.04  months  in  OS,  63-day:  18.83  months  in  PFS  and  68.36
months in OS, Figures S11-S12]. Thus, the peculiar phenomenon observed in
landmark  analysis  for  OS  and  substantial  standard  errors  of  clone-RMST
results might suggest the 21-day observational period may not be sufficient
to capture the associations. When IPCW was estimated using the pool logis-
tic  regression  model  that  accounted  for  time-varying  factors,  the  sensitivity
analysis  results  were  consistent  with  those  from  the  clone-RMST  analysis
(Figures  S12-S15).  Given  the  notable  heterogeneity  observed  across  the
studies  presented  in Figure  4,  we  conducted  an  additional  subgroup  meta-
analysis  specifically  focusing  on  first-line  therapy  in  NSCLC,  incorporating
data from IMpower 150, IMpower 130, and IMpower 131. The pooled HRs for
serum magnesium levels, change from baseline, and hypomagnesemia were
0.76  (95%  CI:  0.70-0.81,  I²=28.3%),  0.75  (95%  CI:  0.70-0.81,  I²=47.7%),  and
1.02  (95%  CI:  1.00-1.04,  I²=83.1%)  for  PFS,  respectively.  For  OS,  the  pooled
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Table 2.  Hazard ratios (HRs) for the effect of magnesium on progression-free survival (PFS) and overall survival (OS) in joint modelling.

Model1 a Model2 a Model3 a

HR 95%CI P HR 95%CI P HR 95%CI P

OS

IMpower150 0.72 0.62-0.84 <0.0001 0.71 0.63-0.83 <0.0001 1.03 1.00-1.06 0.0200

IMpower131 0.78 0.70-0.87 <0.0001 0.78 0.70-0.86 <0.0001 1.00 1.00-1.01 0.2782

IMpower130 0.76 0.65-0.91 0.0027 0.76 0.65-0.90 <0.0001 1.04 1.01-1.08 0.0044

OAK 0.98 0.84-1.12 0.7940 0.99 0.85-1.15 0.8687 1.01 1.00-1.01 0.1222

PFS

IMpower150 0.68 0.57-0.79 <0.0001 0.67 0.59-0.77 <0.0001 1.04 1.02-1.07 <0.0001

IMpower131 0.80 0.72-0.89 0.0027 0.79 0.72-0.88 <0.0001 1.00 1.00-1.01 0.0398

IMpower130 0.76 0.66-0.87 <0.0001 0.77 0.67-0.88 <0.0001 1.01 0.99-1.02 0.3738

OAK 0.90 0.77-1.08 0.2640 0.94 0.79-1.11 0.4533 1.00 1.00-1.01 0.1947

a Model 1 estimated the effect of continuous log-transferred standardized serum magnesium on the PFS/OS; model 2 estimated the effect of continuous
log-transferred standardized change from baseline serum magnesium on the PFS/OS; model 3 estimated the effect of time-dependent categorical serum
magnesium (hypomagnesemia vs. non-hypomagnesemia) on the PFS/OS. The HRs <1 indicated better PFS/OS of higher serum magnesium in model
1 and model 2, the HRs >1 indicated worse PFS/OS of hypomagnesemia in model 3.
Abbreviations: HR: Hazard ratio; OS: overall survival; PFS: progression-free survival.
 

Figure 4.  Associations between hypomagnesemia, serum magnesium (mg), and change from baseline serum magnesium, and progression-free survival (PFS) and overall
survival (OS) from pooled results using joint modelling of four clinical trials.
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HRs were 0.76 (95% CI: 0.70-0.82, I²=0.0%), 0.76 (95% CI: 0.70-0.81, I²=0.0%),
and 1.02 (95% CI:  1.00-1.04, I²=70.3%) for serum magnesium levels,  change
from  baseline,  and  hypomagnesemia.  The  results  obtained  from  this
subgroup  analysis  were  consistent  with  those  presented  in Figure  4,  with
reduced  heterogeneity  observed  in  trials  involving  first-line therapy,  specifi-
cally for serum magnesium levels and change from baseline.  This suggests
that  the  line  of  therapy  may  be  an  important  source  of  heterogeneity.
However,  the relationship between hypomagnesemia and survival  continues
to necessitate additional research and exploration.

The  protective  effect  of  magnesium was  reported  on  the  development  of
different tumors, including liver, pancreatic, and lung cancer.47-49 Our research
supported  the  merit  of  serum  magnesium  in  first-line  therapy  of  NSCLC,
consistent  with  that  for  colorectal  cancer  patients.16 Thus,  it  is  critical  to
proactively  prevent  the  occurrence  of  hypomagnesemia  in  cancer  patients
and  promptly  manage  existing  hypomagnesemia  with  active  measures.  In
clinical practice, prevention and treatment of hypomagnesemia may involve a
spectrum of approaches,  ranging from oral  supplementation with a magne-
sium-containing  solution  to  intravenous  supplementation,  with  or  without
anti-cancer  treatment  interruption.  Prospective  studies  have  demonstrated
the efficacy and safety of oral and intravenous magnesium supplements for
prophylactic  effect  on  hypomagnesemia  in  cancer  patients.50 Additionally,  a
randomized study of 32 patients suggested patients with routine intravenous
magnesium  supplements  had  higher  mean  serum  magnesium  levels
compared  with  those  who  received  magnesium  'as  required'.51 However,
there is a dearth of large clinical trials to demonstrate the long-term efficacy
and  safety  of  magnesium  supplements  across  treatments  for  different
tumors.  To  the  best  of  our  knowledge,  hardly  any  research  has  been
conducted  to  report  on  the  association  between  serum  magnesium  levels
and quality  of  life.  Prior  studies  have  primarily  focused on  nutritional  status
and  dietary  supplements  in  relation  to  quality  of  life  in  cancer  patients.52,53

Further studies examining the potential benefits of magnesium supplements
to  improve  quality  of  life  are  clearly  warranted.  With  prior  knowledge,  our
study and future validation research could contribute to the optimal recogni-
tion,  prevention,  and  treatment  of  hypomagnesemia.  In  turn,  fostering  a
conducive  microenvironment  to  enhance  the  benefits  derived  from  anti-
cancer treatment.

As of our knowledge, this was the first detailed research on the association
of  hypomagnesemia  and  survival  in  more  than  4,000  NSCLC  patients.
Furthermore, we demonstrated the  risk  of  ITB by  grouping patients  accord-
ing  to  post-therapeutic  variables.  Three  distinct  approaches,  employing
diverse  solutions,  estimands,  and  statistical  properties,  were  utilized  to
address ITB. However, the study had several limitations. Firstly, this post-hoc
exploration  analysis  was  conducted  without  alpha  allocation,  potentially
introducing  false-positive  results.  The  consistent  results  from  three  trials  in
first-line therapies lend credibility to this research. Additionally, we noted the
detrimental  impact  of  hypomagnesemia,  albeit  with  a  small  magnitude,  as
indicated by HRs ranging from 1.00 to  1.04 in  joint  modelling.  However,  the
effect size of continuous serum magnesium suggests improved survival with
higher  levels.  Moreover,  while  this  analysis  aims  to  evaluate  causality,
unmeasured and residual confounding may produce false-positive results. 

CONCLUSION
In  conclusion,  addressing  ITB  in  study  design  and  statistical  analysis  is

crucial, especially in observational studies and post-hoc analyses, as this bias
could critically affect the validity and reliability of study findings. Three meth-
ods were  performed and recommended to  account  for  ITB in  this  research.
There was a pressing need to develop guidelines to draw researchers’ atten-
tion to ITB, which may partially explain the discrepancies in effect estimation.
Finally,  serum  magnesium  levels  could  serve  as  a  potential  prognostic
biomarker  in  NSCLC,  especially  in  first-line  treatment.  Future  validation
through clinical trials and mechanism research is warranted.

REFERENCES 

 Cao W., Qin K., Li F., et al. (2024). Comparative study of cancer profiles between 2020
and  2022  using  global  cancer  statistics  (GLOBOCAN). J.  Natl.  Cancer  Cent.
4:128−134. DOI:10.1016/j.jncc.2024.05.001

1.

 Han  B.,  Zheng  R.,  Zeng  H.,  et  al.  (2024). Cancer  incidence  and  mortality  in  China,2.

2022. J. Natl. Cancer Cent. 4:47−53. DOI:10.1016/j.jncc.2024.01.006
 Huang W., Zhai G., Dong H., et al. (2023). Geographical and sexual disparities of lung
cancer  mortality  trends  in  China:  A  population-based  study. Innov.  Med. 1:100032.
DOI:10.59717/j.xinn-med.2023.100032

3.

 Brueckl  W.  M.,  Ficker  J.  H.  and  Zeitler  G.  (2020). Clinically  relevant  prognostic  and
predictive  markers  for  immune-checkpoint-inhibitor  (ICI)  therapy  in  non-small  cell
lung cancer (NSCLC). BMC Cancer 20:1185. DOI:10.1186/s12885-020-07690-8

4.

 Liang  S.,  Wang  H.,  Tian  H.,  et  al.  (2023). The  prognostic  biological  markers  of
immunotherapy  for  non-small  cell  lung  cancer:  Current  landscape  and  future
perspective. Front. Immunol. 14:1249980. DOI:10.3389/fimmu.2023.1249980

5.

 Hirsch F. R., Spreafico A., Novello S., et al. (2008). The prognostic and predictive role
of  histology  in  advanced  non-small  cell  lung  cancer:  A  literature  review. J.  Thorac.
Oncol. 3:1468−1481. DOI:10.1097/JTO.0b013e318189f551

6.

 Brundage  M.  D.,  Davies  D.  and  Mackillop  W.  J.  (2002). Prognostic  factors  in  non-
small  cell  lung  cancer:  A  decade  of  progress. Chest 122:1037−1057. DOI:10.1378/
chest.122.3.1037

7.

 Nan X., Xie C., Zhu Q., et al. (2020). Hand-foot syndrome and survival in patients with
advanced non-small-cell lung cancer receiving anlotinib: A subgroup analysis of data
from the ALTER 0303 study. Int. J. Clin. Oncol. 25:1492−1498. DOI:10.1007/s10147-
020-01683-0

8.

 Haratani K., Hayashi H., Chiba Y., et al. (2018). Association of immune-related adverse
events  with  Nivolumab  efficacy  in  non-small-cell  lung  cancer. JAMA  Oncol.
4:374−378. DOI:10.1001/jamaoncol.2017.2925

9.

 Zhou J., Bai J., Yue Y., et al. (2021). Association of hypokalemia incidence and better
treatment  response  in  NSCLC  patients:  A  meta-analysis  and  systematic  review  on
anti-EGFR targeted therapy clinical trials. Front. Oncol. 11:757456. DOI:10.3389/fonc.
2021.757456

10.

 You  D.,  Zhang  M.,  He  W.,  et  al.  (2021). Association  between  dietary  sodium,
potassium  intake  and  lung  cancer  risk:  Evidence  from  the  prostate,  lung,  colorectal
and  ovarian  cancer  screening  trial  and  the  Women's  Health  Initiative. Transl.  Lung
Cancer Res. 10:45−56. DOI:10.21037/tlcr-20-870

11.

 Lotscher  J.,  Marti  I.  L.  A.  A.,  Kirchhammer  N.,  et  al.  (2022).  Magnesium  sensing  via
LFA-1 regulates CD8(+) T cell effector function. Cell 185:585-602 e529. DOI:10.1016/j.
cell.2021.12.039.

12.

 Muller  D.  N.,  Wilck  N.,  Haase  S.,  et  al.  (2019). Sodium  in  the  microenvironment
regulates  immune  responses  and  tissue  homeostasis. Nat.  Rev.  Immunol.
19:243−254. DOI:10.1038/s41577-018-0113-4

13.

 Vodnala  S.  K.,  Eil  R.,  Kishton R.  J.,  et  al.  (2019).  T  cell  stemness and dysfunction  in
tumors are  triggered by a  common mechanism. Science 363.  DOI:10.1126/science.
aau0135

14.

 de  Baaij  J.  H.,  Hoenderop  J.  G.  and  Bindels  R.  J.  (2015). Magnesium  in  man:
Implications  for  health  and  disease. Physiol.  Rev. 95:1−46. DOI:10.1152/physrev.
00012.2014

15.

 Vickers  M.  M.,  Karapetis  C.  S.,  Tu  D.,  et  al.  (2013).  Association  of  hypomagnesemia
with  inferior  survival  in  a  phase  III,  randomized  study  of  cetuximab  plus  best
supportive  care  versus  best  supportive  care  alone:  NCIC  CTG/AGITG  CO.17. Ann.
Oncol. 24:953-960. DOI:10.1093/annonc/mds577

16.

 Vincenzi B., Galluzzo S., Santini D., et al. (2011). Early magnesium modifications as a
surrogate marker of efficacy of cetuximab-based anticancer treatment in KRAS wild-
type  advanced  colorectal  cancer  patients. Ann.  Oncol. 22:1141−1146. DOI:10.1093/
annonc/mdq550

17.

 Levesque L. E., Hanley J. A., Kezouh A., et al. (2010). Problem of immortal time bias in
cohort  studies:  example  using  statins  for  preventing  progression  of  diabetes. BMJ
340:b5087. DOI:10.1136/bmj.b5087

18.

 Larson  D.  R.,  Crowson  C.  S.,  Devick  K.  L.,  et  al.  (2021). Immortal  time  bias  in  the
analysis of time-to-event data in orthopedics. J. Arthroplasty 36:3372−3377. DOI:10.
1016/j.arth.2021.06.012

19.

 Socinski  M.  A.,  Jotte  R.  M.,  Cappuzzo  F.,  et  al.  (2018). Atezolizumab  for  first-line
treatment  of  metastatic  nonsquamous  NSCLC. N.  Engl.  J.  Med. 378:2288−2301.
DOI:10.1056/NEJMoa1716948

20.

 Jotte R., Cappuzzo F., Vynnychenko I., et al. (2020). Atezolizumab in combination with
Carboplatin  and  Nab-Paclitaxel  in  advanced  squamous  NSCLC  (IMpower131):
Results  from  a  randomized  phase  III  trial. J.  Thorac.  Oncol. 15:1351−1360. DOI:10.
1016/j.jtho.2020.03.028

21.

 West  H.,  McCleod  M.,  Hussein  M.,  et  al.  (2019). Atezolizumab  in  combination  with
carboplatin  plus  nab-paclitaxel  chemotherapy  compared  with  chemotherapy  alone
as  first-line  treatment  for  metastatic  non-squamous  non-small-cell  lung  cancer
(IMpower130):  A  multicentre,  randomised,  open-label,  phase  3  trial. Lancet  Oncol.
20:924−937. DOI:10.1016/S1470-2045(19)30167-6

22.

 Rittmeyer A., Barlesi F., Waterkamp D., et al. (2017). Atezolizumab versus docetaxel in
patients with previously treated non-small-cell  lung cancer (OAK):  A phase 3,  open-
label,  multicentre  randomised  controlled  trial. Lancet 389:255−265. DOI:10.1016/
S0140-6736(16)32517-X

23.

 Aaronson N.  K.,  Ahmedzai  S.,  Bergman B.,  et  al.  (1993). The  European Organization
for Research and Treatment of Cancer QLQ-C30: A quality-of-life instrument for use
in  international  clinical  trials  in  oncology. J.  Natl.  Cancer  Inst. 85:365−376. DOI:10.
1093/jnci/85.5.365

24.

 Bergman  B.,  Aaronson  N.  K.,  Ahmedzai  S.,  et  al.  (1994). The  EORTC  QLQ-LC13:  A25.

REPORT

8  　　　The Innovation Medicine 3(2): 100124, May 29, 2025 www.the-innovation.org/medicine

https://doi.org/10.1016/j.jncc.2024.05.001
https://doi.org/10.1016/j.jncc.2024.01.006
https://doi.org/10.59717/j.xinn-med.2023.100032
https://doi.org/10.59717/j.xinn-med.2023.100032
https://doi.org/10.59717/j.xinn-med.2023.100032
https://doi.org/10.1186/s12885-020-07690-8
https://doi.org/10.1186/s12885-020-07690-8
https://doi.org/10.1186/s12885-020-07690-8
https://doi.org/10.1186/s12885-020-07690-8
https://doi.org/10.1186/s12885-020-07690-8
https://doi.org/10.1186/s12885-020-07690-8
https://doi.org/10.1186/s12885-020-07690-8
https://doi.org/10.3389/fimmu.2023.1249980
https://doi.org/10.1097/JTO.0b013e318189f551
https://doi.org/10.1378/chest.122.3.1037
https://doi.org/10.1378/chest.122.3.1037
https://doi.org/10.1007/s10147-020-01683-0
https://doi.org/10.1007/s10147-020-01683-0
https://doi.org/10.1007/s10147-020-01683-0
https://doi.org/10.1007/s10147-020-01683-0
https://doi.org/10.1007/s10147-020-01683-0
https://doi.org/10.1007/s10147-020-01683-0
https://doi.org/10.1007/s10147-020-01683-0
https://doi.org/10.1001/jamaoncol.2017.2925
https://doi.org/10.3389/fonc.2021.757456
https://doi.org/10.3389/fonc.2021.757456
https://doi.org/10.21037/tlcr-20-870
https://doi.org/10.21037/tlcr-20-870
https://doi.org/10.21037/tlcr-20-870
https://doi.org/10.21037/tlcr-20-870
https://doi.org/10.21037/tlcr-20-870
https://doi.org/10.1016/j.cell.2021.12.039
https://doi.org/10.1016/j.cell.2021.12.039
https://doi.org/10.1038/s41577-018-0113-4
https://doi.org/10.1038/s41577-018-0113-4
https://doi.org/10.1038/s41577-018-0113-4
https://doi.org/10.1038/s41577-018-0113-4
https://doi.org/10.1038/s41577-018-0113-4
https://doi.org/10.1038/s41577-018-0113-4
https://doi.org/10.1038/s41577-018-0113-4
https://doi.org/10.1126/science.aau0135
https://doi.org/10.1126/science.aau0135
https://doi.org/10.1152/physrev.00012.2014
https://doi.org/10.1152/physrev.00012.2014
https://doi.org/10.1093/annonc/mds577
https://doi.org/10.1093/annonc/mdq550
https://doi.org/10.1093/annonc/mdq550
https://doi.org/10.1136/bmj.b5087
https://doi.org/10.1016/j.arth.2021.06.012
https://doi.org/10.1016/j.arth.2021.06.012
https://doi.org/10.1056/NEJMoa1716948
https://doi.org/10.1016/j.jtho.2020.03.028
https://doi.org/10.1016/j.jtho.2020.03.028
https://doi.org/10.1016/S1470-2045(19)30167-6
https://doi.org/10.1016/S1470-2045(19)30167-6
https://doi.org/10.1016/S1470-2045(19)30167-6
https://doi.org/10.1016/S1470-2045(19)30167-6
https://doi.org/10.1016/S1470-2045(19)30167-6
https://doi.org/10.1016/S0140-6736(16)32517-X
https://doi.org/10.1016/S0140-6736(16)32517-X
https://doi.org/10.1016/S0140-6736(16)32517-X
https://doi.org/10.1016/S0140-6736(16)32517-X
https://doi.org/10.1016/S0140-6736(16)32517-X
https://doi.org/10.1016/S0140-6736(16)32517-X
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.1093/jnci/85.5.365
https://www.the-innovation.org/medicine
https://www.the-innovation.org/medicine
https://www.the-innovation.org/medicine


modular supplement to the EORTC Core Quality of Life Questionnaire (QLQ-C30) for
use in lung cancer clinical trials. EORTC Study Group on Quality of Life. Eur. J. Cancer
30A:635−642. DOI:10.1016/0959-8049(94)90535-5
 Chalabi  M.,  Cardona  A.,  Nagarkar  D.  R.,  et  al.  (2020). Efficacy  of  chemotherapy  and
atezolizumab  in  patients  with  non-small-cell  lung  cancer  receiving  antibiotics  and
proton pump inhibitors: pooled post hoc analyses of the OAK and POPLAR trials. Ann.
Oncol. 31:525−531. DOI:10.1016/j.annonc.2020.01.006

26.

 Barbagallo M., Veronese N. and Dominguez L. J. (2021). Magnesium in aging, health
and diseases. Nutrients 13:463. DOI:10.3390/nu13020463

27.

 Asar O., Ritchie J., Kalra P. A., et al. (2015). Joint modelling of repeated measurement
and time-to-event data: an introductory tutorial. Int. J. Epidemiol. 44:334−344. DOI:10.
1093/ije/dyu262

28.

 Maringe  C.,  Benitez  Majano  S.,  Exarchakou  A.,  et  al.  (2020). Reflection  on  modern
methods:  Trial  emulation  in  the  presence  of  immortal-time  bias. Assessing  the
benefit of major surgery for elderly lung cancer patients using observational data. Int.
J. Epidemiol. 49:1719−1729. DOI:10.1093/ije/dyaa057

29.

 Hernan  M.  A.,  Sauer  B.  C.,  Hernandez-Diaz  S.,  et  al.  (2016). Specifying  a  target  trial
prevents immortal time bias and other self-inflicted injuries in observational analyses.
J. Clin. Epidemiol. 79:70−75. DOI:10.1016/j.jclinepi.2016.04.014

30.

 Vincenzi  B.,  Santini  D.,  Galluzzo  S.,  et  al.  (2008). Early  magnesium  reduction  in
advanced  colorectal  cancer  patients  treated  with  cetuximab  plus  irinotecan  as
predictive  factor  of  efficacy  and  outcome. Clin.  Cancer  Res. 14:4219−4224. DOI:10.
1158/1078-0432.CCR-08-0077

31.

 Liu  W.,  Qdaisat  A.,  Soliman  P.  T.,  et  al.  (2019). Hypomagnesemia  and  survival  in
patients  with  ovarian  cancer  who  received  chemotherapy  with  Carboplatin.
Oncologist 24:e312−e317. DOI:10.1634/theoncologist.2018-0465

32.

 Fujii H., Iihara H., Suzuki A., et al. (2016). Hypomagnesemia is a reliable predictor for
efficacy  of  anti-EGFR  monoclonal  antibody  used  in  combination  with  first-line
chemotherapy  for  metastatic  colorectal  cancer. Cancer  Chemother.  Pharmacol.
77:1209−1215. DOI:10.1007/s00280-016-3039-1

33.

 Price  T.,  Kim  T.  W.,  Li  J.,  et  al.  (2016). Final  results  and  outcomes  by  prior
bevacizumab  exposure,  skin  toxicity,  and  hypomagnesaemia  from  ASPECCT:
Randomized  phase  3  non-inferiority  study  of  panitumumab  versus  cetuximab  in
chemorefractory wild-type KRAS exon 2 metastatic colorectal cancer. Eur. J. Cancer
68:51−59. DOI:10.1016/j.ejca.2016.08.010

34.

 Liu  W.,  Qdaisat  A.,  Ferrarotto  R.,  et  al.  (2021). Hypomagnesemia  and  survival  in
patients  with  head  and  neck  cancers  who  received  primary  concurrent
chemoradiation. Cancer 127:528−534. DOI:10.1002/cncr.33283

35.

 Kimura  M.,  Usami  E.  and  Yoshimura  T.  (2020). Effects  of  type  of  antibody  to  EGFR
and  hypomagnesemia  on  overall  survival  in  first-line  treatment  of  patients  with
unresectable  advanced/recurrent  colorectal  cancer. Anticancer  Res. 40:7135−7140.
DOI:10.21873/anticanres.14743

36.

 Xu F. Z., Meng F. R., Li W. J., et al. (2024). Predictive value of serum magnesium levels
for  prognosis  in  patients  with  non-small  cell  lung  cancer  undergoing  EGFR-TKI
therapy. Open Life Sci. 19:20220923. DOI:10.1515/biol-2022-0923

37.

 Karim  M.  E.,  Gustafson  P.,  Petkau  J.,  et  al.  (2016). Comparison  of  statistical
approaches for dealing with immortal time bias in drug effectiveness studies. Am. J.
Epidemiol. 184:325−335. DOI:10.1093/aje/kwv445

38.

 Suissa  S.  (2008). Immortal  time  bias  in  pharmaco-epidemiology. Am.  J.  Epidemiol.
167:492−499. DOI:10.1093/aje/kwm324

39.

 Duchesneau  E.  D.,  Jackson  B.  E.,  Webster-Clark  M.,  et  al.  (2022). The  timing,  the
treatment,  the  question:  Comparison  of  epidemiologic  approaches  to  minimize
immortal  time  bias  in  real-world  data  using  a  surgical  oncology  example. Cancer
Epidemiol. Biomarkers Prev. 31:2079−2086. DOI:10.1158/1055-9965.EPI-22-0495

40.

 Mi X., Hammill B. G., Curtis L. H., et al. (2016). Use of the landmark method to address
immortal  person-time  bias  in  comparative  effectiveness  research:  A  simulation
study. Stat. Med. 35:4824−4836. DOI:10.1002/sim.7019

41.

 Suissa  S.  (2007). Immortal  time  bias  in  observational  studies  of  drug  effects.
Pharmacoepidemiol. Drug Saf. 16:241−249. DOI:10.1002/pds.1357

42.

 Vazquez E.,  Gouraud H.,  Naudet  F.,  et  al.  (2021). Characteristics of  available studies
and dissemination of research using major clinical data sharing platforms. Clin. Trials
18:657−666. DOI:10.1177/17407745211038524

43.

 Leidi M.,  Wolf F. and Maier J. A. M. (2011). Magnesium and cancer:  More questions
than answers. In Magnesium in the Central Nervous System, R. Vink, and M. Nechifor, eds.

44.

 Nan  M.,  Yangmei  C.  and  Bangcheng  Y.  (2014).  Magnesium  metal--a  potential45.

biomaterial with antibone cancer properties. J. Biomed. Mater. Res. A 102:2644-2651.
DOI:10.1002/jbm.a.34933
 Liu  F.,  Zhu  X.  T.,  Li  Y.,  et  al.  (2021). Magnesium  demethylcantharidate  inhibits
hepatocellular  carcinoma  cell  invasion  and  metastasis  via  activation  transcription
factor FOXO1. Eur. J. Pharmacol. 911:174558. DOI:10.1016/j.ejphar.2021.174558

46.

 Shah  S.  C.,  Zhu  X.,  Dai  Q.,  et  al.  (2021). Magnesium  intake  is  associated  with  a
reduced  risk  of  incident  liver  cancer,  based  on  an  analysis  of  the  NIH-American
Association of Retired Persons (NIH-AARP) Diet and Health Study prospective cohort.
Am. J. Clin. Nutr. 113:630−638. DOI:10.1093/ajcn/nqaa326

47.

 Mahabir  S.,  Wei  Q.,  Barrera  S.  L.,  et  al.  (2008). Dietary  magnesium  and  DNA  repair
capacity  as  risk  factors  for  lung  cancer. Carcinogenesis 29:949−956. DOI:10.1093/
carcin/bgn043

48.

 Hoyt M., Song Y., Gao S., et al. (2022). Intake of calcium, magnesium, and phosphorus
and  risk  of  pancreatic  cancer  in  the  prostate,  lung,  colorectal,  and  ovarian  cancer
screening trial. J. Am. Coll. Nutr. 41:747−757. DOI:10.1080/07315724.2021.1970047

49.

 Mateo-Carrasco  H.,  Kostrzynski  O.,  Ndefo  O.,  et  al.  (2017). Continuous  magnesium
infusions  in  the  management  of  systemic  anti-cancer  therapy-related
hypomagnesaemia. Int. J. Clin. Pharm. 39:657−661. DOI:10.1007/s11096-016-0416-0

50.

 Evans  T.  R.,  Harper  C.  L.,  Beveridge  I.  G.,  et  al.  (1995). A  randomised  study  to
determine  whether  routine  intravenous  magnesium  supplements  are  necessary  in
patients  receiving  cisplatin  chemotherapy  with  continuous  infusion  5-fluorouracil.
Eur. J. Cancer 31A:174−178. DOI:10.1016/0959-8049(94)00420-a

51.

 Kang K. M., Kang Y. N., Choi I. B., et al. (2011). Effects of drinking hydrogen-rich water
on the quality of life of patients treated with radiotherapy for liver tumors. Med. Gas.
Res. 1:11. DOI:10.1186/2045-9912-1-11

52.

 Mohammadi S., Sulaiman S., Koon P. B., et al. (2013). Association of nutritional status
with  quality  of  life  in  breast  cancer  survivors. Asian  Pac.  J.  Cancer  Prev.
14:7749−7755. DOI:10.7314/apjcp.2013.14.12.7749

53.

FUNDING AND ACKNOWLEDGMENTS 

This  work  was  supported  by  the  National  Natural  Science  Foundation  of  China
[82173620 to Y.Z.,  82204156 to D.Y.];  and the Priority  Academic Program Development
of Jiangsu Higher Education Institution (PAPD) to Y.Z. This work was also supported by
Jiangsu Provincial  Medical  Innovation Center  [CXZX202206 to  X.Z.],  funded by  Jiangsu
Province  Capability  Improvement  Project  through  Science,  Technology,  and  Education.
The  founders  had  no  role  in  study  design,  data  collection  and  analysis,  decision  to
publish, or preparation of the manuscript.

AUTHOR CONTRIBUTIONS 

Y.Z.,  X.Z.,  and  J.Z.  conceptualized  and  designed  the  study.  Y.Z.,  J.Z.,  D.Y.,  and  X.C.
applied and got access to the data. J.Z., M.C., and S.W. prepared and analyzed the data.
D.Y. and X.C. validated the results. J.Z.,  D.Y.,  and M.C. drafted the paper. Y.Z.,  X.Z.,  B.P.,
T.L.,  H.M.,  H.S.,  F.C.,  and  D.C.  revised  the  manuscript.  All  authors  contributed  to  and
approved the manuscript.

DECLARATION OF INTERESTS 

The authors declare no competing interests.

ETHICAL STATEMENT AND PATIENT CONSENT 

Not applicable.

DATA AND CODE AVAILABILITY 

The  data  that  support  the  findings  of  this  study  were  provided  by  the  Roche  Data
Sharing  Team  and  are  accessible  via  the  Vivli  (https://vivli.org/)  platform.  However,
restrictions apply to the availability of these data, which were used under license for the
current study, and are not publicly available.

SUPPLEMENTAL INFORMATION 

It can be found online at https://doi.org/10.59717/j.xinn-med.2025.100124

M
ed

icine
REPORT

The Innovation Medicine 3(2): 100124, May 29, 2025　　　  9

https://doi.org/10.1016/0959-8049(94)90535-5
https://doi.org/10.1016/0959-8049(94)90535-5
https://doi.org/10.1016/0959-8049(94)90535-5
https://doi.org/10.1016/0959-8049(94)90535-5
https://doi.org/10.1016/0959-8049(94)90535-5
https://doi.org/10.1016/j.annonc.2020.01.006
https://doi.org/10.3390/nu13020463
https://doi.org/10.1093/ije/dyu262
https://doi.org/10.1093/ije/dyu262
https://doi.org/10.1093/ije/dyaa057
https://doi.org/10.1016/j.jclinepi.2016.04.014
https://doi.org/10.1158/1078-0432.CCR-08-0077
https://doi.org/10.1158/1078-0432.CCR-08-0077
https://doi.org/10.1158/1078-0432.CCR-08-0077
https://doi.org/10.1158/1078-0432.CCR-08-0077
https://doi.org/10.1158/1078-0432.CCR-08-0077
https://doi.org/10.1158/1078-0432.CCR-08-0077
https://doi.org/10.1158/1078-0432.CCR-08-0077
https://doi.org/10.1158/1078-0432.CCR-08-0077
https://doi.org/10.1634/theoncologist.2018-0465
https://doi.org/10.1634/theoncologist.2018-0465
https://doi.org/10.1634/theoncologist.2018-0465
https://doi.org/10.1007/s00280-016-3039-1
https://doi.org/10.1007/s00280-016-3039-1
https://doi.org/10.1007/s00280-016-3039-1
https://doi.org/10.1007/s00280-016-3039-1
https://doi.org/10.1007/s00280-016-3039-1
https://doi.org/10.1007/s00280-016-3039-1
https://doi.org/10.1007/s00280-016-3039-1
https://doi.org/10.1016/j.ejca.2016.08.010
https://doi.org/10.1002/cncr.33283
https://doi.org/10.21873/anticanres.14743
https://doi.org/10.1515/biol-2022-0923
https://doi.org/10.1515/biol-2022-0923
https://doi.org/10.1515/biol-2022-0923
https://doi.org/10.1515/biol-2022-0923
https://doi.org/10.1515/biol-2022-0923
https://doi.org/10.1093/aje/kwv445
https://doi.org/10.1093/aje/kwm324
https://doi.org/10.1158/1055-9965.EPI-22-0495
https://doi.org/10.1158/1055-9965.EPI-22-0495
https://doi.org/10.1158/1055-9965.EPI-22-0495
https://doi.org/10.1158/1055-9965.EPI-22-0495
https://doi.org/10.1158/1055-9965.EPI-22-0495
https://doi.org/10.1158/1055-9965.EPI-22-0495
https://doi.org/10.1158/1055-9965.EPI-22-0495
https://doi.org/10.1002/sim.7019
https://doi.org/10.1002/pds.1357
https://doi.org/10.1177/17407745211038524
https://doi.org/10.1002/jbm.a.34933
https://doi.org/10.1016/j.ejphar.2021.174558
https://doi.org/10.1093/ajcn/nqaa326
https://doi.org/10.1093/carcin/bgn043
https://doi.org/10.1093/carcin/bgn043
https://doi.org/10.1080/07315724.2021.1970047
https://doi.org/10.1007/s11096-016-0416-0
https://doi.org/10.1007/s11096-016-0416-0
https://doi.org/10.1007/s11096-016-0416-0
https://doi.org/10.1007/s11096-016-0416-0
https://doi.org/10.1007/s11096-016-0416-0
https://doi.org/10.1007/s11096-016-0416-0
https://doi.org/10.1007/s11096-016-0416-0
https://doi.org/10.1016/0959-8049(94)00420-a
https://doi.org/10.1016/0959-8049(94)00420-a
https://doi.org/10.1016/0959-8049(94)00420-a
https://doi.org/10.1016/0959-8049(94)00420-a
https://doi.org/10.1016/0959-8049(94)00420-a
https://doi.org/10.1186/2045-9912-1-11
https://doi.org/10.1186/2045-9912-1-11
https://doi.org/10.1186/2045-9912-1-11
https://doi.org/10.1186/2045-9912-1-11
https://doi.org/10.1186/2045-9912-1-11
https://doi.org/10.1186/2045-9912-1-11
https://doi.org/10.1186/2045-9912-1-11
https://doi.org/10.7314/apjcp.2013.14.12.7749
https://vivli.org/
https://doi.org/10.59717/j.xinn-med.2025.100124
https://doi.org/10.59717/j.xinn-med.2025.100124
https://doi.org/10.59717/j.xinn-med.2025.100124

	INTRODUCTION
	MATERIALS AND METHODS
	Data Source
	Outcome
	Quality-of-life questionnaires
	Blood Magnesium Level
	Covariates in Models
	Statistical Analysis
	Systematic Review of Previous Studies about Hypomagnesemia and Prognosis
	Exploratory analysis

	RESULTS
	Patients Characteristics
	Impact of the Immortal Time Bias
	Association between Hypomagnesemia and Prognosis
	Association between serum magnesium levels and quality-of-life questionnaires
	Subgroup and sensitivity analyses

	DISCUSSION
	CONCLUSION
	REFERENCES
	FUNDING AND ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	DECLARATION OF INTERESTS
	ETHICAL STATEMENT AND PATIENT CONSENT
	DATA AND CODE AVAILABILITY
	SUPPLEMENTAL INFORMATION

