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Abstract: This study aims to evaluate the predictive capability of the Rothman Index in determining unplanned read-
missions within 90 days after discharge for oral cancer patients. The consecutive recruitment was carried out from
May 1, 2020, to May 31, 2023, at the outpatient department of Ruijin Hospital of Medical College of Shanghai Jiao
Tong University Shanghai Hospital. The evaluation is based on internationally recognized clinical evaluation indica-
tors. A total of 125 recruited patients were grouped as per the presence (n=13) or absence (n=112) of unplanned
readmissions within 90 days after discharge. Electronic medical records and patient follow-up records were used to
collect details, including gender, age, body mass index, associated conditions such as diabetes and hypertension,
treatment approach, and pathological type. In addition, the Rothman Index, postoperative complications, and rates
of unplanned readmissions within 90 days post-discharge were assessed following previous literature. Although
there was no significant difference in gender, body mass index, and length of hospital stay between the groups (P
> 0.05), age, smoking and alcohol consumption history, and the Rothman Index exhibited significant variations (P
< 0.05). The Rothman Index was found to be the most strongly correlated with unplanned readmissions within 90
days and could be incorporated in a prediction model. The area under the curve (AUC), as highlighted in the receiver
operating characteristic (ROC) curve analysis, for predicting unplanned readmissions within 90 days post-discharge
was 0.930, using Rothman Index. This suggests that the Rothman Index could be an effective tool in managing
risk in clinical settings due to its potential to accurately predict the rate of unplanned readmissions for oral cancer
patients within 90 days of discharge.

Keywords: Rothman index, oral cancer, unplanned readmissions, complication

Introduction

Oral Squamous Cell Carcinoma (OSCC), univer-
sally referred to as oral cancer, is a pernicious
tumor affecting various regions of the oral cav-
ity, including the lips, hard palate, upper and
lower alveolar ridges, anterior two-thirds of the
tongue, floor of the mouth, buccal mucosa, ret-
romolar trigone, and base of the tongue [1].
Holding a significant place among the head and
neck malignancies, its common pathological
type is OSCC. Major risk factors contributing to
OSCC include tobacco usage, alcohol consump-
tion, betel nut chewing, and HPV infection [2].

In 2020, there were 377,713 new cases of and
177,757 deaths from oral cancer globally [3]. A

surge in incidence has been evidenced in de-
veloping nations, with China notably experienc-
ing a substantial annual rise in number of
cases. Early-stage OSCC is typically addressed
through surgical interventions, whereas radia-
tion therapy is preferred for patients who are
surgery-ineligible. Patients with advanced-sta-
ge OSCC might undergo a combination of sur-
gery, chemotherapy, and radiation therapy as
an initial treatment plan [4, 5].

In recent years, cancer treatment has seen sig-
nificant progress in medical technology and
fundamental sciences, yielding a multidisci-
plinary approach that amalgamates surgical
procedures, chemotherapy, radiation therapy,
and immunotherapy [6-8]. These developments


http://www.ajcr.us

Rothman index predicting readmissions

have markedly ameliorated the prognosis and
quality of life in patients with oral cancer and
other tumor types. However, nearly two-thirds
of OSCC patients are diagnosed with cervical
lymph node metastasis [9], a recoghized prog-
nostic factor for OSCC contributing to lower sur-
vival rates. The overall 5-year survival rate for
OSCC is approximately around 60% [10, 11].

Despite advancements, patients regularly en-
counter unplanned readmissions or repeated
surgeries due to the inherent complexities of
cancer treatment and the high metastasis
probability [12]. Such unplanned readmissions
not only enhance patients’ healthcare burden
but also influence their overall prognosis nega-
tively. These unforeseen readmissions within
90 days post-discharge due to the same or
related diseases are increasingly used to gauge
healthcare quality, reflecting both the effective-
ness of treatment and prognosis and indicating
quality management in hospitals [13].

Attempting to reduce unplanned readmissions
is an important initiative in progressing health-
care quality, which not only benefits disease
prognosis but also addresses medical resource
scarcity, mitigating patients’ social-economic
pressures and burdens [14, 15]. However, an
efficient method to predict these readmissions
among discharged oral cancer patients is cur-
rently missing in clinical practice.

The Rothman Index is a comprehensive predic-
tive algorithm that incorporates vital signs, lab-
oratory tests, and nursing assessments to eval-
uate a patient’s overall health and predict their
risk of adverse outcomes. The Rothman Index
can play a significant role. As an acuity mea-
sure, it predicts patient risk, enhances safety,
and improves patient care quality. Based on
routinely collected electronic medical record
data, it provides an overall health status score
for patients, with a score ranging from -91 to
100. A higher score indicates better health.
This index assists in monitoring patient health
over time, detecting subtle changes, and identi-
fying patients at higher risk for severe health
decline. It is instrumental in decision-making
processes like projecting readmission risk and
determining the need for additional interven-
tions or resources.

This study aimed at understanding the role of
the Rothman Index in predicting readmissions
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within 90 days of discharge in oral cancer
patients, bridging the gap, and providing prog-
nostic insights to assist clinical practice.

Methods
Inclusion and exclusion criteria

Participants eligible for this retrospective study
met the following inclusion criteria: a confirmed
diagnosis of oral cancer, completed surgical
intervention and/or radiotherapy/chemothera-
py, 18 years or older, and successful follow-up
completion for a minimum of 90 days. The
exclusion criteria were as follows: patients with-
out available medical records due to transfer to
other medical institutions or departments, indi-
viduals not considered readmitted if their visits
were regular follow-ups, patients inflicted with
significant cognitive impairment or diseases
profoundly impacting their ability to follow up,
and those with unstable vital signs.

General data

From May 1, 2020, to May 31, 2023, we con-
secutively recruited patients with oral cancer
who received treatment and were subsequently
discharged from the Department of Oral Me-
dicine at Ruijin Hospital Affiliated to Shanghai
Jiao Tong University School of Medicine follow-
ing the inclusion criteria. Based on unplanned
readmission within 90 days after discharge, a
total of 125 recruited patients were divided
into two groups: a readmission group (nN=13)
and a non-readmission group (n=112). Among
these cases, 79 (63.2%) were male and 46
(36.8%) were female. The age of the patients
ranged from 16 to 86 years, with a mean age of
(65.42+12.65) years. All patients underwent
confirmatory diagnosis of oral cancer through
follow-up examinations. This study was app-
roved by the Ruijin Hospital Affiliated to
Shanghai Jiao Tong University School of
Medicine Ethics Committee.

Methods

After meeting the discharge criteria, all patients
underwent a 90-day follow-up starting from the
day of discharge. The evaluation of unplanned
readmission was performed by two non-patient
physicians from the same department to en-
sure that it was unpredictable.
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Inclusion criteria: a confirmed diagnosis of oral cancer,
completed surgical intervention and/or
radiotherapy/chemotherapy, being 18 years or older, and
successful follow-up completion for a minimum of 90 days.

Oral cancer patients receiving treatment at
the Department of Oral Medicine at Ruijin
Hospital of Medical college of Shanghai
Jiao Tong University Shanghai Hospital

Exclusion criteria : patients without available medical
records who were transferred to other medical institutions
or departments, individuals not considered readmitted if
their visits were regular follow-ups, patients inflicted with
significant cognitive impairment or diseases profoundly
Patients with oral cancer impacting their ability to follow up, and those with unstable

(n=125) vital signs.

Based on unplanned readmission within 90 days after
discharge, the patients were divided into two groups

Readmission Non-readmission

group (n=13) group (n=112)

Figure 1. The flow chart illustrating the study’s design and process.

Outcome measures and data extraction

The following data were gathered through a
comprehensive review of the electronic medi-
cal records system and patient follow-up
records. The collected information encom-
passed various demographic factors, such as
height, weight, gender, age, smoking history,
and alcohol consumption history. Additionally,
clinical indicators, including tumor staging,
pathological type, surgical methods, and radio-
therapy/chemotherapy regimens, were collect-
ed. In order to assess the health status of each
patient at discharge, the primary outcome was
the predicting performance of the Rothman
Index for the readmission. A flow chart illustrat-
ing the study’s design and process is shown in
Figure 1.

Statistical analysis

Data analysis was performed using SPSS 25.0
statistical software. Categorical data were
depicted as [n (%)] and examined utilizing the
chi-square test. Continuous data were exhibit-
ed as mean * standard deviation and com-
pared among groups using the t-test. The accu-
racy of the predictive model was assessed
using the area under the ROC curve, with a sig-
nificance level established at P < 0.05 to
denote statistical significance of disparities.
Spearman correlation analysis was used to
reveal the correlation analysis between compli-
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cations and readmission status. Besides, the
univariate and multivariate logistic regression
analysis were also established.

Results

Univariate descriptive statistical analysis of 90-
day readmission in oral cancer patients

There was no significant difference in gender
between the readmission group and the non-
readmission group (P > 0.05). However, signifi-
cant differences were observed in age, smok-
ing history, and alcohol consumption history
between the two groups (P < 0.05), as shown in
Table 1.

Univariate exploratory analysis of 90-day read-
mission in oral cancer patients

Several factors, including the Rothman index
(with actual values), histological type (poorly
differentiated =1, moderately differentiated
=2, well differentiated =3), treatment modality
(surgery, radiation therapy, chemotherapy, im-
munotherapy, with each modality represented
as 1), and family support (frequent visits =2,
occasional visits =1, no visits =0), were exam-
ined to identify their impact on readmission.
Significant differences were observed among
these four influencing factors (P < 0.05), with
the Rothman index showing a particularly sig-
nificant impact (P < 0.01), as shown in Table 2.
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Table 1. Univariate analysis of factors associated with 90-day hospital readmissions in oral cancer
patients

Variable Statistical index :;i‘l?fj’l‘g‘) Ngrr;';za(?]r:fls'zo)” P
Gender Male/female 8/5 71/41 0.896
Age Mean = SD 72.39+7.56 61.16+£6.97 <0.001
Body Mass Index (kg/m?) Mean = SD 22.45+3.45 22.76+3.50 0.884
Smoking history Yes/no 8/5 32/80 <0.001
Drinking history Yes/no 6/7 34/78 <0.001
Residential Area Urban/Rural 7/6 59/53 0.963
Hypertension Quantity 3 28 0.882
Diabetes Quantity 2 20 0.745
Coronary Artery Disease Quantity 2 16 0.896
Anemia Quantity 8 71 0.894
Impaired Liver and Kidney Function Quantity 2 18 0.905

Table 2. Exploratory univariate analysis of factors associated
with 90-day hospital readmissions in oral cancer patients

Readmission Non-readmission

=2, occasional visits =1, no vis-
its =0). The results of this an-
alysis are shown in Table 3.

Variable group (n=13) group (n=112) P

2.12+0.23 1.85+0.19 < 0.001
43.8348.94 56.97+12.30 <0.001
Therapy method 2.45+0.32 3.12+0.25 <0.001
Family members accompany 0.85+0.12 1.55+0.19 <0.001

Pearson correlation coefficient
was employed to indicate the
strength of the relationship.
Specifically, the correlation co-
efficient between unplanned
readmission and the Rothman
index was found to be -0.977,
demonstrating a significant ne-
gative correlation at the 0.01
level. This suggests a significant

Pathological type
Rothman index

Table 3. Correlation analysis of each factor influencing un-
planned readmission within 90 days

Readmlss_lon - — relationship between unplanned
Rothman index Correlation coefficient -0.977** readmission and the Rothman
p <0.001 index.
Pathological pattern Correlation coefficient -0.530
p 0.115 ROC analysis for Rothman
Treatment method Correlation coefficient 0.075 index prediction
P 0-837 The analysis of the ROC curve
Family members accompany Eorrelatlon coefficient (())%i@s* revealed that the AUC corre.

sponding to the readmission
prediction using the Rothman
index was 0.930 (Figure 2). This
indicates a high diagnostic value, and the opti-
mal threshold for the Rothman index was deter-
mined to be 0.875. At this threshold, the sensi-
tivity was 0.863 and the specificity was 0.822.
Table 4 presents the results of the optimal
threshold in the ROC analysis.

Note: * Indicates P < 0.05, ** Indicates P < 0.01.

Correlation analysis of factors influencing
unplanned readmission within 90 days

Correlation analysis was conducted to explore
the relationship between unplanned readmis-
sion (assigned as 1) and the following factors:
the Rothman index (with actual values), histo-

logical type (poorly differentiated =1, moder-
ately differentiated =2, well differentiated =3),
treatment modality (surgery, radiation therapy,
chemotherapy, immunotherapy, each consid-
ered as 1), and family support (frequent visits
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Complication rates between the unplanned
readmission and non-readmission groups

The occurrence rates of complications with the
top 3 smallest p value for the difference
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Figure 2. ROC diagram of Rothman index to predict
unplanned readmissions.

between the unplanned readmission group and
the non-readmission group are presented in
Table 5.

Correlation analysis between complications
and readmission status

A correlation analysis was conducted to exam-
ine the relationship between Dysfunction of
speech, chewing and swallowing, Dystrophy,
Flap and vascular crisis, and the occurrence of
readmission. Pearson correlation coefficients
were used to measure the strength of the cor-
relations. The results of the analysis are as
follows:

There was no significant correlation between
Dysfunction of speech, chewing and swallowing
and readmission. The correlation coefficient
was 0.288, which is close to O, and the p-value
was greater than 0.05.

Similarly, there was no significant correlation
between Dystrophy and readmission. The cor-
relation coefficient was 0.150, close to O, and
the p-value was also greater than 0.05.

On the other hand, there was a significant cor-
relation between Flap and vascular crisis and
readmission. The correlation coefficient was
0.706, suggesting a positive correlation bet-
ween Flap and vascular crisis and readmission
(Table 6).
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Discussion

Despite the implementation of standardized
treatment and adherence to guidelines, oral
cancer patients may still experience unplann-
ed readmissions due to unforeseen factors.
Unplanned readmissions not only prolong the
treatment duration and increase costs for
patients but also result in the inefficient utiliza-
tion of medical resources [16, 17]. Currently,
there is a lack of accurate predictive methods
for unplanned readmissions and postoperative
complications in oral cancer patients. In this
context, our research team became interested
in the Rothman Index, which has demonstrated
its effectiveness in predicting outcome differ-
ences among hospitalized patients after dis-
charge. Consequently, our focus centered on
exploring the predictive role of the Rothman
Index in unplanned readmissions following dis-
charge in oral cancer patients [18].

The study included 125 oral cancer patients,
among whom 13 experienced unplanned read-
missions within 90 days of discharge. The uni-
variate and multivariate analysis results clearly
indicated significant differences (P < 0.001) in
factors such as age, smoking history, alcohol
consumption history, and the Rothman Index.
Hence, these factors were considered indepen-
dentinfluencing factors for unplanned readmis-
sions within 90 days. Advanced age is often
associated with poorer physical conditions,
resulting in reduced tolerability of radiotherapy,
chemotherapy, and extensive surgical proce-
dures. As the elderly experience a decline in
their overall physical capacity and weakening
immune system, postoperative recovery and
regulation become more challenging, making
them more susceptible to complications such
as infections and metabolic abnormalities [19,
20].

The Rothman Index comprises three compo-
nents: vital signs, laboratory tests, and nursing
assessments. These components collectively
offer insights into a patient’s physical condi-
tion from different perspectives. Vital sighs and
laboratory tests provide real-time and objective
information about the patient’s physical health,
while nursing assessments encompass a more
comprehensive evaluation of the patient’s im-
mediate condition. Combining these multiple
parameters with clinical evaluations enables a
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Table 4. Results of the optimal threshold in the ROC analysis

AUC Optimum cut-off value Sensitivity Specificity Cut-off
Rothman index 0.930 0.875 0.863 0.822 0.2884
Pathological type 0.667 0.518 0.875 0.643 0.489
Therapy method 0.359 0.152 0.938 0.214 0.446
Family members accompany 0.768 0.384 0.813 0.571 0.411
Table 5. Complication rates between the readmission and non-readmission groups
Complication Incidence.of_unplanned InciQeqce of non- b
readmissions (%) readmission group (%)
Dysfunction of speech, chewing and swallowing 52 16 <0.001
Dystrophy 69 45 0.012
Flap and vascular crisis 56 12 0.023
Table 6. Correlation analysis between complications and readmission status
chewing and watoning PISTOPY ogoib s

Secondary hospital admission correlation coefficient 0.288 0.150 0.706

p 0.233 0.541 0.017

sample size 19 19 19

more accurate and timely assessment of a
patient’s overall physical condition at the time
of discharge. Consequently, it effectively pre-
dicts the risk of readmission [21, 22].

Previous studies have successfully utilized the
Rothman Index to predict unplanned readmis-
sions in various disease types. These studies
found that Rothman Index accurately identified
individuals at high risk of unplanned readmis-
sion, offering a simple and effective tool for
healthcare professionals [23, 24]. Furthermore,
the Rothman Index is characterized by its sim-
plicity, ease of calculation, and interpretability,
making it more convenient to use and assisting
healthcare professionals in formulating reason-
able preventive measures [25].

Subsequently, we conducted an analysis of
common complications in oral cancer patients,
specifically, symptoms such as speech impair-
ment, impaired chewing and swallowing func-
tions, malnutrition, and flap vascular crisis.
Patients undergoing local radiotherapy often
experience a range of oral complications, in-
cluding taste changes, difficulty swallowing,
and radiation-induced osteonecrosis of the
jaw. Addressing these complications involves
improving the precision of radiotherapy to mini-
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mize damage to surrounding normal tissues
and implementing timely targeted nursing in-
terventions, such as fluid replacement after
radiotherapy [26]. In cases where significant
symptoms arise, novel treatment options like
photobiomodulation therapy can be consider-
ed to exert anti-inflammatory and analgesic
effects. Collaboration with departments spe-
cializing in rehabilitative surgery and the active
adoption of clinical models, such as enhanced
recovery after surgery, aim to optimize periop-
erative nursing measures based on evidence-
based medicine. This approach promotes pa-
tient recovery, reduces the incidence of compli-
cations, and improves prognosis.

Overall, the findings of this study establish the
Rothman Index as an accurate predictor of the
unplanned readmission in oral cancer patients
within 90 days after discharge. Rothman Index
can be a valuable tool for risk management in
clinical settings. However, the study does have
certain limitations that may affect the accu-
racy and applicability of the model. Firstly, the
research is confined to a single center with a
relatively small number of cases, rendering it
susceptible to regional, ethnic, racial, national,
and dietary influences that may impact the sta-
tistical outcomes. Secondly, being a retrospec-
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tive study, the Rothman Index incorporates
multiple parameters, and incomplete clinical
data for some patients may introduce inconsis-
tency in the collection of certain indicators,
potentially affecting the input of the final model.
Future research should address these limita-
tions by conducting prospective studies involv-
ing multiple centers to enhance the generaliz-
ability and reliability of the findings.
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