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Abstract

Background: The aim of this study was to investigate the predictive value of a prognostic model based on the lymphocyte-to-monocyte
ratio (LMR) before radioiodine treatment for the recurrence of papillary thyroid carcinoma (PTC). Methods: Clinicopathological
data of 441 patients with papillary thyroid cancer were collected retrospectively. The Receiver operating characteristic (ROC)
was used to determine the optimal cut-off value for predicting PTC recurrence by LMR before radioiodine treatment. Recurrence
was the endpoint of the study, and survival was estimated by the Kaplan-Meier method, and any differences in survival were
evaluated with a stratified log-rank test. Univariate and multifactorial analyses were performed using Cox proportional-hazards
models to identify risk factors associated with PTC recurrence. Results: The ROC curve showed that the best cut-off value of
LMR before radioiodine treatment to predict recurrence in patients with PTC was 6.6, with a sensitivity of 54.1%, a specificity of
73%, and an area under the curve of 0.628. The recurrence rate was significantly higher in the low LMR group (16%) than in the
high LMR group (5%) (P = 0.001, * = 12.005). Multifactorial analysis showed that LMR < 6.61 (P = 0.006; HR = 2.508) and risk
stratification (high risk) (P = 0.000; HR = 5.076) before radioiodine treatment were independent risk factors predicting
recurrence in patients with PTC. Patients with preoperative LMR < 6.6 and high risk stratification had the lowest recurrence-free
survival rate and the shortest recurrence-free survival time. Conclusions: The LMR-based prognostic model before radioactive
iodine treatment is valuable for early prediction of PTC recurrence and it can be used in clinical practice as a supplement to risk
stratification and applied in combination to help screen out patients with poorer prognosis early.
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Introduction TSH suppression therapy, most patients with PTC have a good
prognosis.* Despite a good prognosis, locoregional recurrence
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about 6.9%-18% of patients developing LRR after initial treat-
ment.”” Tumor node metastasis (TNM) staging is the most
commonly used staging method in clinical practice. Because
the TNM staging does not fully assess the risk of recurrence in
DTC, the American Thyroid Association (ATA) Management
Guidelines for Adult Patients with Thyroid Nodules and Dif-
ferentiated Thyroid Cancer classify patients as with low, mod-
erate and high risk of recurrence in 2009, and the 2015 version
of the ATA thyroid cancer guidelines have been revised and
supplemented on this basis. However, it has been reported that
the local or distant recurrence rate of low-and medium-risk
PTC patients is as high as 6%,”"" so risk stratification alone
is not enough to accurately predict the prognosis of patients. In
recent years, it has been found that inflammation plays a key
role in the initiation, promotion, and progression of cancers,
and by mediating the interaction of immune responses, it
affects the prognosis and therapeutic response of tumors.'*!3
Some scholars propose that the LMR can indirectly reflect the
immune status of the host and serve as a predictor of the prog-
nosis of malignant tumors. The literature shows that LMR
before treatment has important value in predicting the prog-
nosis of malignant tumors such as lung cancer, pancreatic can-
cer, colorectal cancer and breast cancer.'+1%

Recently, it has been reported that preoperative low LMR is
associated with poor overall survival and recurrence of thyroid
cancer.'”?° These studies of LMR have provided good evi-
dence for it’s role in patients with Thyroid carcinoma. At pres-
ent, there is no widely accepted LMR cutoff value, and there is
no literature to combine this inflammatory marker with the
existing risk stratification system to evaluate the prognosis of
patients. Moreover, most of the literature is limited to the
detection of preoperative LMR levels. Different methods of
operation, lymph node dissection areas, and different surgical
levels of surgeons, and whether the patient receive radioactive
iodine therapy after the operation will have a certain impact on
the prognosis of thyroid cancer. Therefore, we believe that the
preoperative levels of LMR may not be the best choice to
evaluate the prognosis of thyroid cancer. In our study, the
clinicopathological data of 441 patients with PTC in our hos-
pital were analyzed retrospectively, in order to explore the
relationship between LMR before radioiodine therapy and clin-
icopathological features and prognosis of PTC patients.

Materials and Methods
Patient Cohort

By consulting the electronic medical record system, the clin-
icopathological data of PTC patients in the first affiliated Hos-
pital of Chongqing Medical University from January 2015 to
December 2016 were collected retrospectively. Inclusion cri-
teria were as follows: a. Postoperative pathology confirmed
that the tumor was PTC, and there was no distant metastasis.
b. Have complete clinicopathological data. c. All patients
underwent radical thyroidectomy simultaneous neck lymph
node dissection and radioiodine treatment. d. Age > 18 years

old. Exclusion criteria: a. Those who are not operated for the
first time; b. Received chemotherapy or radiotherapy before
operation; c. Clinical evidence showed a history of infectious
diseases; d. Suffering from other systemic malignant tumors; e.
Accompanied by Hashimoto’s thyroiditis or other autoimmune
diseases; f. Other diseases that may affect peripheral blood cell
count. Finally, a total of 441 patients with PTC were enrolled in
the group. Blood cell detection was performed in all patients
before operation and radioiodine therapy within 3 days. All
patients received 100-150 mCi radioactive iodine therapy. In
order to increase the level of thyrotropin in radioactive iodine
therapy, patients began to stop taking levothyroxine 3 weeks
before taking radioactive iodine. The response to the treatment
was evaluated 6 months after the initial radioiodine therapy.
According to the 2015 version of the ATA thyroid cancer
guidelines, patients’ responses to radioiodine therapy were
divided into 2 categories: Excellent response (ER) and non-
Excellent response (non-ER), the latter including Biochemical
incomplete response, Structural incomplete response and Inde-
terminate response. According to the 2015 version of the ATA
thyroid cancer guidelines, intermediate risk of tumor recur-
rence was defined as 1 of the following: a. Microscopic inva-
sion of tumor into the perithyroidal soft tissues; b. RAI-avid
metastatic foci in the neck on the first posttreatment whole-
body RAI scan; c. Aggressive histology (e.g., tall cell, hobnail
variant, columnar cell carcinoma); d. Papillary thyroid cancer
with vascular invasion; e. Clinical N1 or >5 pathologic N1 with
all involved lymph nodes <3 cm in largest dimensional; f.
Multifocal papillary microcarcinoma with ETE and
BRAFV600E mutated (if known).And high risk of tumor recur-
rence was defined as 1 of following: a. Macroscopic invasion of
tumor into the perithyroidal soft tissues (gross ETE); b. Incom-
plete tumor resection; c. Distant metastases; d. Postoperative
serum thyroglobulin suggestive of distant metastases; e. Patho-
logic N1 with any metastatic lymph node 13 cm in largest
dimension; f. Follicular thyroid cancer with extensive vascular
invasion (> 4 foci of vascular invasion).

Follow-Up of Patients

The follow-up began after patients were treated with radioactive
iodine, and the deadline for follow-up was July 31, 2020. The
follow-up was conducted by the combination of inquiring elec-
tronic medical record system, outpatient service, and phone calls.
The follow-up time was 44-71 months, and the median follow-up
time was 56 months. Patients went to our hospital to review
thyroid function, thyroglobulin (TG), thyroid autoantibodies
(including TGADb and TPOAD) and thyroid ultrasound (TUS)
once every 3 months within 1 year, and then every 6 months.
The primary endpoint for analysis was recurrence, if recur-
rence is suspected and further assessment is needed, additional
diagnostic imaging examinations, including diagnostic dose
11 whole-body scan, cervicothoracic CT, whole-body bone
scan, and BE.FDG PET-CT, are performed to confirm LRR
or distant metastasis. According to the 2015 ATA guidelines,
disease recurrence is defined as biochemical recurrence
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(suppressed Tg >1 ng/mL, TSH-stimulated Tg > 10 ng/mL, or
rising anti-Tg antibody levels in the absence of structural dis-
ease) and structural recurrence (either biopsy-proven or highly
suspicious for disease with or without abnormal serum Tg).
Recurrence-free survival was defined as the time interval
between the date of receiving radioactive iodine treatment and
the earliest detection of structural or biochemical evidence of
recurrence, or the date of last follow up.

Statistics

SPSS 26.0 statistical software was used for data analysis. The
parametric continuous data were expressed as mean + standard
deviation, and T-test was used for comparison between groups.
The nonparametric data were presented as a median and inter-
quartile range (IQR) (median and 25%-75%), and the Mann-
Whitney U test was applied for comparison between groups. The
categorical data were presented as counts and percentages, and
the chi-square test was used for comparison between groups.
Paired t test was used to compare the blood cell count of the
same patient before thyroidectomy and radioiodine treatment.
The best cut-off value of LMR was determined by the ROC
curve, and its sensitivity and specificity in predicting recurrence
in patients with PTC were analyzed. According to the best cut-
off value, the patients were divided into the low LMR group and
the high LMR group, and the differences in clinicopathological
characteristics between the 2 groups were compared. The sur-
vival was estimated by the Kaplan-Meier method, and the dif-
ferences in survival were evaluated with a stratified Log-rank
test. The factors that may affect the recurrence of the patient with
PTC were analyzed by Univariate and Multivariate analysis with
the Cox proportional-hazards regression model. When P < 0.05,
the difference was considered to be statistically significant. This
retrospective study was approved by the Ethics Committee of the
First Affiliated Hospital of Chongqing Medical University (IRB
No. 2021-065).

Results

Baseline Characteristics

Of all patients, 64% (284) were female. The median age at
diagnosis was 41 years (32-49), and the median size of tumor
was 1.2 cm (0.8-2). The TNM stage distribution based on the
8th American joint cancer Committee (AJCC) staging system
was stage I for 399 patients (91%), II for 34, III for 7 and IV for
1. Among all patients, 378 cases (86%) had cervical lymph
node metastasis, 70 cases (16%) had extra thyroid invasion,
and 257 cases (58%) had multifocal tumors. The median abso-
lute lymphocyte count (L) was 2.04 x 10%/L (IQR 1.67-2.44),
and that of absolute monocyte count (M) is 0.25 x 10%/L (IQR
0.2-0.32). The median LMR was 8.07 (IQR 6.19-10.38).
According to the 2015 version of the ATA thyroid cancer
guidelines, 56 (13%) had low recurrence risk, while 257
(58%) and 128 (29%) had intermediate or high risk, respec-
tively. Of the 429 patients, 325 (74%) responded excellent (ER)
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Figure 1. This is the ROC curve for predicting the recurrence of PTC
patients by the LMR level before receiving radioactive iodine treat-
ment. According to the ROC curve, the best cutoff value of LMR for
predicting recurrence of PTC patients was 6.61. The AUC was 0.628,
with a sensitivity of 54.1% and specificity of 73%. ROC indicates
receiver operating characteristic; PTC, papillary thyroid carcinoma;
LMR, lymphocyte-to-monocyte ratio; AUC, area under the curve.

to the Initial radioiodine therapy. Up to now, 37 patients (8%)
have relapsed, and the RFS rate of 441 PTC patients is 92%.

The Best Cutoff Value of LMR Before Radioactive lodine
Treatment and the Grouping of Patients

As shown in Figure 1, according to the ROC curve, the best
cutoff value of LMR before radioactive iodine treatment for
predicting recurrence of PTC patients was 6.61, and the area
under the curve (AUC) was 0.628, with a sensitivity of 54.1%
and specificity of 73%. According to the best cut-off value, 441
PTC patients were divided into the low LMR group (n = 129,
29%) and the high LMR group (n = 312, 71%).

Relationship Between the LMR Before Radioiodine
Therapy and Clinicopathological Features and Prognosis
of Patients With PTC

Kendall’s Tau-b correlation analysis showed that the LMR
before radioiodine therapy was negatively correlated with
age (r = —0.097, P = 0.003), multifocality (r = —0.096,
P = 0.014), TNM stage (r = —0.089, P = 0.022), response
to Initial radioiodine therapy (r = —0.128, P = 0.001), recur-
rence (r = —0.101, P = 0.01), and positively correlated with
recurrence-free survival time (r = 0.167, P = 0.000).

The clinicopathological features of the 2 groups are shown
in Table 1. Compared with the high LMR group, the patients in
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Table 1. Comparison of Clinicopathological Features and Prognosis of PTC Patients Between the High LMR Group and the Low LMR Group.

The low LMR group

The high LMR group

Clinicopathological characteristics Total (n = 441) (n = 129) (n=312) P-value X

Age 41 (32-49) 42 (34-49) 40 (31-48) .029*

Sex
Female 284 (64%) 90 (70%) 194 (62%) 0.13 2.292
Male 157 (36%) 39 (30%) 118 (38%)

Tumor size (cm) 1.2 (0.8-2) 1.5 (0.95-2) 1.2 (1.2-2) 337
<4 426 (97%) 127 (98%) 299 (96%) 276 1.188
>4 15 3%) 2 2%) 13 (4%)

Extrathyroidal extension
No 371 (84%) 104 (81%) 267 (86%) 195 1.679
Yes 70 (16%) 25 (19%) 45 (14%)

Lymph node metastasis
No 63 (14%) 22 (17%) 41 (13%) 285 1.141
Yes 378 (86%) 107 (83%) 271 (87%)

Multifocality
No 184 (42%) 44 (34%) 140 (45%) .037* 4.348
Yes 257 (58%) 85 (66%) 172 (55%)

Bilateral tumor
No 324 (73%) 96 (74%) 228 (73%) 172 0.084
Yes 117 27%) 33 (26%) 84 (27%)

T stage (AJCC)
T1-T2 378 (86%) 111 (86%) 267 (86%) .898 0.016
T3-T4 63 (14%) 18 (14%) 45 (14%)

TNM stage (AJCC)
I-II 433 (98%) 125 (97%) 308 (99%) .0193 1.695
nI-1v 8 (2%) 4 (3%) 4 (1%)

Risk stratification (ATA)
Low risk 56 (13%) 17 (13%) 39 (12%) .037* 6.59
Intermediate risk 257 (58%) 64 (50%) 193 (62%)
High risk 128 (29%) 48 (37%) 80 (26%)

Response to Initial radioiodine therapy
Excellent response 325 (74%) 84 (65%) 241 (77%) .009* 6.924
No excellent response 116 (26%) 45 (35%) 71 (23%)

Recurrence
Yes 37 (8%) 20 (16%) 17 (5%) .001* 12.005
No 404 (92%) 109 (84%) 295 (95%)

Abbreviations: LMR, represents the ratio of lymphocytes to monocytes; AJCC, represents American joint cancer Committee; ATA, represents American Thyroid

Association.
* Indicates a statistically significant difference.

the low LMR group are older (42 years vs. 40 years, P = 0.029),
and are more likely to have multifocal tumors (66% vs. 55%;
P = 0.037, x> = 4.348), with higher risk stratification (37% vs.
26%; P = 0.037, x* = 6.59). However, there were no significant
differences in gender, tumor diameter, extra thyroid invasion,
lymph node metastasis, unilateral and bilateral, T stage and
TNM stage between the 2 groups (P > 0.05).At the same time,
Figures 2 and 3 show that the recurrence-free survival time of the
low LMR group was significantly shorter than that of the high
LMR group (P = 0.001).

Factors Affecting Recurrence in Patients With PTC

Univariate analysis showed that age > 55 years (P = 0.008;
HR = 2.745), bilateral tumors (P = 0.006; HR = 2.472),
Multifocality (P = 0.031; HR = 2.286), TNM stage (I1I-1V)

(P = 0.000; HR = 8.714), risk stratification (high risk)
(P = 0.000; HR = 4.888), LMR < 6.61(P = 0.001;
HR = 2.958) were associated with the recurrence of patients
with PTC. Multivariate analysis showed that risk stratifica-
tion (high risk) (P = 0.000; HR = 5.076) and LMR < 6.616
(P = 0.006; HR = 2.508) were independent risk factors for
predicting recurrence of patients (Table 2).

In order to evaluate the value of LMR before radioiodine
therapy combined with risk stratification in predicting the
recurrence of patients with PTC, patients with low or moderate
risk of recurrence and LMR > 6.61 were defined as Score = 0,
high risk of recurrence or LMR < 6.61 were defined as Score = 1,
and those with high risk of recurrence and LMR < 6.61 were
defined as Score = 2. The results showed that the recurrence-
free survival rate of patients with a score of 2 was significantly
lower than that with a score of 0 (P = 0.000) or 1 (P = 0.001)
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Figure 2. The best cutoff value of LMR before radioactive iodine
treatment for predicting recurrence of PTC patients was 6.61.
According to the best cut-off value, 441 PTC patients were divided
into 2 groups (LMR > 6.61 and LMR < 6.61) and the recurrence-free
survival rates of the 2 groups were compared. The results showed that
patients with LMR < 6.61 had a lower recurrence-free survival rate
than those with LMR > 6.61 (P = 0.001). LMR indicates lymphocyte-
to-monocyte ratio.

(Figure 4), and the recurrence-free survival time of patients
with a score 2 was significantly shorter than that with a score
of 0 (P =0.000) or 1 (P = 0.005) (Figure 5). Figure 6 compares
the combined application of LMR and risk stratification with
risk stratification alone for prognostic assessment of PTC and
shows that patients with preoperative LMR <6.61 and high risk
stratification had the lowest recurrence-free survival rate.

Comparison of Peripheral Blood Lymphocytes, Monocytes
and LMR in Patients With PTC Before Thyroidectomy and
Radioiodine Therapy

Table 3 compares the peripheral blood LMR levels of the same
patient before and after receiving radioactive iodine treatment.
Paired t-test showed that the lymphocyte count (P = 0.000) and
LMR (P = 0.000) before radioiodine treatment were signifi-
cantly higher than those before thyroidectomy, while the
monocyte count was significantly lower than that before thyr-
oidectomy (P = 0.000).

Discussion

In the 19th century, Rudolf Virchow first proposed a possible
link between inflammation and cancer.”' Later studies***
have found that inflammation is involved in all aspects of
tumorigenesis, especially cell proliferation, angiogenesis, sur-
rounding tissue invasion and distant metastasis. Lymphocytes
are the key immune cells in humoral immunity and cellular
anti-tumor immune response.>

Lymphocytes in peripheral blood can accumulate to tumor
sites and differentiate into tumor-infiltrating lymphocytes
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Figure 3. This is a comparison of the recurrence-free survival time
between the 2 groups. The median recurrence-free survival time was
48 (44-58) months in the low LMR group and 55 (48-60) months in the
high LMR group. The recurrence-free survival time of the low LMR
group was significantly lower than that of the high LMR group (P =
0.000). LMR indicates lymphocyte-to-monocyte ratio.

(TIL) under certain stimulation.?® TILs include T lymphocytes,
B lymphocytes, and natural killer cells, of which T lympho-
cytes account for the majority (about 75%).CD8+T lympho-
cytes account for the largest proportion of TIL subsets, which
can induce tumor cell apoptosis through the interaction
between CD95 L molecules (the Fas ligand) and CD95 mole-
cules (the Fas receptors) in the tumor cell surface. At the same
time, CD8+T lymphocytes can directly kill tumor cells by
secreting perforin and granzyme.CD4+ helper T cells (Th),
including Thl, Th2, and regulatory T cells, assist CD8+T
lymphocyte-mediated cytotoxicity by secreting cytokines and
regulating transcription factors.>*?”-*® Inflammation can trig-
ger the activity of monocytes from bone marrow to peripheral
blood,* and excess circulating blood monocytes can differenti-
ate into tumor-associated macrophages (TAM) after being
recruited into tumor tissue by chemotaxis.>® Thyroid cancer
cells can recruit monocytes from the peripheral circulation to
differentiate into TAMs, by releasing chemokine 2 (CCL2).>!
In addition, TAMs itself produce CCL2 and promote mono-
cytes to recruit to the tumor site.>> TAMs includes M1 and
M2 phenotypes, in which M2 macrophages promote tumor
progression by inhibiting inflammation, removing fragments,
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Table 2. Cox Proportional Hazards Model for the Recurrence in Patients With PTC.

Univariate analysis

Multivariate analysis

Figure 4. In order to evaluate the value of LMR before radioiodine
therapy combined with risk stratification in predicting the recurrence
of patients with PTC, patients with low or intermediate risk of
recurrence and LMR > 6.61 were defined as Score = 0, high risk of

Influencing factors HR (95% CI) P value HR (95% CI) P-value
Sex (Male) 0.856 (0.430-1.703) 0.657
Age (> 55) 2.745 (1.295-5.817) 0.008* 1.506 (0.571-3.968) 0.408
Tumor size (> 4cm) 1.633 (0.393-6.789) 0.500
Bilateral tumors 2.472 (1.295-4.720) 0.006* 2.079 (0.958-4.505) 0.064
Multifocality 2.286 (1.079-4.845) 0.031* 1.302 (0.533-3.175) 0.562
Extrathyroidal extension 2.008 (0.972-4.149) 0.060 2.569 (0.986-6.693) 0.054
Lymph node metastasis 6.208 (0.851-45.282) 0.072 4.717 (0.637-34.483) 0.129
T stage(T3-T4) 1.697 (0.776-3.713) 0.185
TNM stage (I1I-IV) 8.714 (3.082-24.637) 0.000* 4.115 (0.890-18.868) 0.070
Risk stratification (High risk) 4.888 (2.488-9.602) 0.000* 5.076 (2.370-10.870) 0.000*
LMR<6.61 2.958 (1.549-5.646) 0.001* 2.508 (1.294-4.861) 0.006*
Abbreviation: LMR, represents the ratio of lymphocytes to monocytes.
* Indicates a statistically significant difference.
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recurrence or LMR < 6.61 were defined as Score = 1, and those with
high risk of recurrence and LMR < 6.61 were defined as score = 2.
This is a comparison of the recurrence-free survival rates of the 3
groups of patients with different scores. The results showed that
patients with higher scores among the 3 groups had a lower
recurrence-free survival rate. LMR indicates lymphocyte-to-
monocyte ratio.

promoting angiogenesis, rebuilding tissue, and repairing dam-
age through specific cytokines.>® In addition, TAMs have a
certain immunosuppressive effect, which can up-regulate the
expression of PD-L1, thus forming a local immunosuppres-
sive microenvironment, which is convenient for tumor cell
immune escape.>* The study by Guo ez al*> found that mono-
cytes and the LMR are significantly connected with the
number of immunity cells in CRC tissue, and proposed that
the number of monocytes and LMR can be used to ascertain
the immunological status in the tumor microenvironment.
Therefore, the LMR which combined with lymphocyte count
and monocyte count can indirectly reflect the immune func-
tion of the host.

0 —= - -

| | |
score=0 score =2

score =1

Figure 5. Patients with low or intermediate risk of recurrence and
LMR >6.61 were defined as score = 0, high risk of recurrence or LMR
< 6.61 were defined as score = 1, and those with high risk of recur-
rence and LMR < 6.61 were defined as score = 2. This is a comparison
of the recurrence-free survival time between the 3 groups. The median
recurrence-free survival time was 55 (48-60) months in the Score = 0
group and 51 (46-59) months in the Score = 1 group and 47 (21-53)
months in the Score = 2 group. Patients with higher scores have
shorter recurrence-free survival times. LMR indicates lymphocyte-to-
monocyte ratio.

In recent years, some studies have discussed the value of
preoperative LMR in evaluating the prognosis of thyroid can-
cer, but there are few related studies, and the results are still
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Figure 6. The dashed line indicates the recurrence-free survival
curves of patients with different risk stratification, and the solid line
indicates the recurrence-free survival curves of patients with different
scores when combined LMR with risk stratification. The patients with
a score of 2 had the worst prognosis, so the combined application of
LMR and risk stratification is beneficial for early detection of patients
with a poor prognosis.

controversial. Yokota e al'® have found that preoperative low
LMR is a risk factor for poor prognosis of thyroid cancer.
Compared with patients with high LMR, patients with low
preoperative LMR have a lower overall survival rate and
PTC-free survival rate. However, some scholars®® have found
that the increase of LMR is a prognostic factor for advanced
TNM, and the logistic regression model shows that LMR >
5.45 is an independent risk factor for advanced TNM. The
prognosis of PTC is easily affected by the surgical approach
or the physician level of experience. Using preoperative LMR
to evaluate the prognosis of PTC may be interfered with by
other factors. Therefore, our study evaluated the prognostic
value of LMR before radioiodine therapy in patients with PTC.
Because most patients with PTC have a good prognosis and
low mortality, but local recurrence is more common, so this
study takes disease recurrence as the end event, and the factors
that predict recurrence are used as an alternative index to pre-
dict the death of PTC patients.

The results showed that the recurrence rate of the low LMR
group (16%) was significantly higher than that of the high
LMR group (5%), and the median recurrence-free survival time
of the low LMR group (48 months) was significantly shorter
than that of the high LMR group (55 months). Our study found
that LMR before radioiodine therapy was negatively correlated
with age, multifocality, TNM stage, response to Initial radio-
iodine therapy and recurrence, and positively correlated with
recurrence-free survival time in patients with PTC. Compared
with the high LMR group, the PTC patients in the low LMR
group were older at diagnosis, and more likely to have multi-
focal tumors, later clinical stages, and higher risk stratification.
These results suggest that patients with lower LMR before
radioiodine therapy have higher tumor invasiveness and higher
risk of recurrence. A recent paper reported that the pre-RAI

Table 3. Comparison of Peripheral Blood Lymphocytes, Monocytes
and LMR in Patients With PTC Before Thyroidectomy and Radio-
iodine Therapy.

Before Before radioiodine
thyroidectomy therapy P-value
L (x10°/L) 1.83 (1.51-2.24) 2.04 (1.68-2.44) 0.000*
M (x10°/L) 0.32 (0.26-0.42) 0.25 (0.20-0.32) 0.000*
LMR 5.59 (4.50-6.86) 8.07 (6.21-10.40) 0.000*

Abbreviations: L, lymphocytes; M, monocytes; LMR, the ratio of lymphocytes
to monocytes.
* Indicates a statistically significant difference.

LMR below 7.05 was an independent prognostic markers for
worse RFS in the enrolled PTC patients.*” The optimal cut-off
value of LMR before radioiodine treatment found in this study
is 6.61, which is roughly the same as the previous literature.’’
This suggests that LMR as a hematological marker is reprodu-
cible in different populations, and it also strengthens the argu-
ment that LMR is a prognostic factor for papillary thyroid
cancer. In univariate and multivariate analysis, low LMR was
a significant risk factor for recurrence, which was consistent
with the conclusion of Yokota et al.'®%*® The progression of
cancer is related to the impaired function of the immune sys-
tem.>* When the number of circulating lymphocytes decreases
relatively, it may mean that the number of lymphocytes in the
paracancerous tissue decreases, reducing its mediated anti-
tumor immune response, thus forming a tumor microenviron-
ment suitable for cancer cell proliferation and metastasis.*’
When the lymphocyte count decreased and / or the monocyte
count increased, the peripheral blood LMR decreased, which
may indicate that the host’s anti-tumor immune status is insuf-
ficient and the tumor burden is increased. Whether ER can be
obtained after the first radioiodine treatment is related to the
patient’s next treatment and follow-up plan. In this study, the
number of ER patients in the low LMR group (76, 60%) was
significantly lower than that in the high LMR group (227,
73%), indicating that patients with low LMR had a poor
response to initial radioiodine therapy. Therefore, we believe
that measuring the levels of LMR before radioactive iodine
treatment can both monitor the early response to treatment, but
also help restratify patient for management. However, the ROC
curve in this study showed that the sensitivity of the prognostic
model based on pre-radioiodine treatment LMR to predict post-
operative recurrence in PTC patients was 54.1%, the specificity
was 73%, and the AUC was 0.628, which indicates that the
value of pre-operative LMR alone in predicting PTC recur-
rence is limited and needs to be applied in combination with
risk stratification in clinical practice to improve the predictive
efficacy.

Our research has some advantages compared with previous
studies. First of all, our sample size is relatively large, which
makes the conclusion of this study more accurate. Secondly, we
compared the LMR of the same patient before thyroidectomy
and before initial radioactive iodine treatment. Because the
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confounding effect of postoperative complications of which
most occur within the first 10 to 14 days post surgery. It has
been suggested that the 21 to 56 days postoperative period
represents an optimal period for remeasuring the systemic
inflammatory response (SIR).*' The interval between the 2
LMR tests is 42 days (IQR 36-45). Our results showed that the
lymphocyte count and LMR before radioiodine treatment were
significantly higher than those before thyroidectomy, while the
monocyte count was significantly lower than that before thyr-
oidectomy. Another study by Ahn et a/* investigating the
changes in LMR at approximately the 29th day (IQR 16-
51.5) after surgery and found that there was no significant
difference between the baseline and follow-up LMR. This is
different from our findings, indicating the LMR before radio-
iodine therapy was significantly higher when compared with
the postoperative level at the time point. Considering that the
presence of cancer may be related to systemic inflammation,
the increase in LMR after total thyroidectomy may reflect a
significant reduction in tumor burden. This suggests that
changes in the levels of LMR derived from the blood may
reflect the changes in the patient’s systemic or local inflamma-
tory state to some extent after surgical treatment, which vali-
dates the conclusion of this study from another point of view.
There is no relevant report about the value of the dynamic
changes of LMR in the prognosis of PTC. Our study suggest
for the first time that monitoring the dynamic changes of LMR
may reflect the efficacy of treatment and predict prognosis.

In addition, this study combined the LMR before radioio-
dine treatment with risk stratification to predict the recurrence
of PTC patients. The results showed that the recurrence-free
survival rate and recurrence-free survival time of PTC patients
with low LMR and high-risk stratification were significantly
lower than those of other groups (P < 0.05), which indicates
that the combined application of LMR and risk of recurrence
stratification facilitates the early detection of patients with
poorer prognosis, thus helping clinicians to develop more indi-
vidualized treatment and follow-up strategies for this group of
patients to improve their prognosis as much as possible. In
addition, since all patients undergo hematological testing prior
to radioiodine treatment, this test is relatively convenient and
inexpensive, and using LMR as a prognostic marker will not
impose any additional financial burden on patients. Moreover,
the use of LMR before radioactive iodine treatment to evaluate
the prognosis is not easily affected by the surgical approach or
the physician level of experience, which is more advantageous
than preoperative LMR.

However, this study also has some limitations. First, there
may be some risk of selection bias in this study due to the
limitations of retrospective analysis. Secondly, the prognosis
of most patients with PTC is usually good, but the follow-up
time in our study is relatively short. By the end of follow-up in
this study, some patients who will relapse in the future may not
have been monitored, which limits us to make more accurate
conclusions on the prognosis of these patients in this study. The
exact mechanisms by which these blood-derived markers affect
tumor prognosis is unclear, but they are believed to reflect the

interaction between local immune response in tumor microen-
vironment and SIR. The purpose of this study is not intended to
provide a clear understanding of why the LMR is prognostic,
but to provide a way to better understand the interaction
between inflammation and tumor in the future. Thus, we do
not believe that this limitation significantly detracts from the
current results. In the follow-up study, we intend to reduce the
experimental deviation and improve the accuracy of LMR as a
prognostic marker of PTC by multicenter, large sample, longer
follow-up period, and dynamic monitoring of LMR level.

In conclusion, the prognostic model based on LMR before
radioactive iodine treatment is valuable for predicting PTC
recurrence and has the advantages of convenience and econ-
omy, but its predictive efficacy is limited when applied alone,
and it can be used as a supplement to risk stratification in
clinical practice and applied in combination to help screen out
patients with poorer prognosis early. It is hoped that the results
of this study will provide new ideas for early clinical prediction
of PTC recurrence in order to improve the prognosis of thyroid
cancer and reduce recurrence.
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