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ABSTRACT

Objective: To determine relationship in-between uptake of FDG and NLR (neutrophil-lymphocyte ratio), which is
an indicator of systemic inflammation, both prior to treatment as well as after treatment in various solid and
hematological cancers.

Study Design: comparative cross sectional observational study

Place and Duration of Study: This study was conducted at the at Clifton and North campus of Dr Ziauddin
University for 1 year (March 2022 to February 2023.

Materials and Methods: This study using non-probability purposeful sampling was done. Cancer patients >18
years of age, having definitive diagnosis of malignancy, consenting for pre-therapeutic FDG-PET/CT imaging and
differential blood analysis done were included. SPSS version 23.0 was used. For quantitative variables mean and
IQR were reported while for qualitative variables were recorded as frequency and percentages. Stratification was
carried our before and after treatment by applying chi-square test keeping p-value <0.05 as statistically significant.
Results: From 237 patients with mean age 52.47 + 15.5 years, 147 (62%) females and 90 (38%) males. Diagnosis of
lymphoma was reported in 72 (30.4%) of patients. A significant difference was observed in the pre and post
treatment values of SUV max (p-0.01), NLR (p-0.04), C-reactive protein (p-0.03) and ESR (p-0.04). Majority of
patients included were females (62 %) with the highest diagnosis being of lymphoma (30.4%) while least common
diagnosis was of sarcoma and melanoma in 0.84 % of patients each.

Conclusion: Both SUV max uptake of PET/CT imaging and NLR showed significant decrease after treatment of
cancer patients.
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INTRODUCTION

Cancer, one of the leading causes of mortality and
single most important barrier towards increase in life
expectancy throughout the globe in 21% century®. World
Health Organization has estimated cancer to be 1% or
2" leading reason of death before 70 years in 91
countries while 3™ or 4™ in additional 22 countries.
The reason behind cancers is complex, reflecting both
aging and substantial populations’ growths?.
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Positron emission tomography/computed tomography
(PET/CT), an imaging modality which is widely used
for diagnosing, staging as well as in assessing
therapeutic responses in the field of oncology®. The
radiolabeled deoxy-2-[18F] fluro-D-glucose (1F-FDG)
is an analogue of glucose, used as standard tracer for
evaluation of neoplastic tissues. The value of
standardized uptake (SUV) is termed as semi-
quantitative  parameter used  for  measuring
accumulation of tracers in tissues, especially as in
tumor glucose metabolism*. SUV max is accepted to be
the most widely used metric due to its accuracy as well
as simplicity in applying to clinical practice. The
association in-between tumor 18F-FDG uptake and
systemic inflammatory responses (SIR) has become of
interest in several malignancies®.

Inflammation related to cancer is one of the hallmarks
of cancer, wherein inflammatory cells and mediators
are some essential elements of tumor micro-
environment. The inflammatory responsible tends to be
detectable only in the peripheral films, the evidence
being neutrophilia with or without lymphopenia®.
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Furthermore, neutrophil to lymphocyte ratio (NLR),
which derives it from two factors, absolute neutrophil
and absolute lymphocyte count, is prognostically used
to assess outcome of patients in various tumors’.

A high NLR is reported to be independent prognostic
factor in various advance cancers having variable NLR
thresholds, for instance in colorectal and pancreatic
cancer the NLR is observed to be >5, in advanced
gastric cancer (NLR >2.5), metastatic renal cell
carcinoma and prostatic cancer (NLR >3), advanced
ovarian cancer (NLR >2.60), advanced cervical cancer
(NLR >1.9) and in nasopharyngeal carcinoma (NLR
>2.5) (8-13).

The use of NLR as a prognostic utility and as marker of
systemic inflammation in under-studied in many studies
related to PET/CT as well as scarce data is available
locally with regards to both use of PET/CT and NLR
before and after treatment in various malignancies®.
Studies have reported the use of SUV max uptake and
NLR to be associated with tumor prognosis, a high
level of both being linked to poor prognosis®. Thus this
study  evaluated  pre-therapeutic  neutrophil-to-
lymphocyte ratio (NLR) with tumor metabolism marker
18-fluorodeoxyglucose positron emission tomography/
computed tomography (FDG-PET/CT) and compared
their levels with post-therapeutic NLR and SUV max.
The objective of this research was to determine
relationship in-between uptake of FDG and NLR
(neutrophil-lymphocyte ratio), which is an indicator of
systemic inflammation, both prior to treatment as well
as after treatment in various solid and hematological
cancers. We hypothesized that patients having high
SUV max as well as high NLR were associated with a
poor prognaosis.

MATERIALS AND METHODS

This comparative cross sectional observational study
was carried out at the Clifton and North campus of Dr
Ziauddin University for a period of 1 year after
approval of synopsis by the ERC (from March 2022 to
February 2023). The sampling technique used was non-
probability purposeful sampling. Cancer patients >18
years of age, having a definitive diagnosis of
malignancy, consenting for pre-therapeutic FDG-
PET/CT imaging and having differential blood analysis
done were included in the study while patients having
either an acute infection, active inflammatory condition,
incomplete clinical information or refusing to consent
for the study were excluded.

Data Collection Procedure: After ethical approval
from the Ethical Review Committee of Dr Ziauddin
University Hospital Karachi, the study commenced. All
patients receiving treatment at either Clifton or North
campus of Dr Ziauddin University Hospital fulfilling
the inclusion criteria were included in the research.
Demographics of patients, SUV max and SUV mean,
total leucocyte count (including neutrophils and

lymphocytes), neutrophil to lymphocyte ratio (NLR),
LDH, CRP, ESR serum albumin and provisional
diagnosis were all recorded.

Data Analysis: For data analysis, SPSS version 23.0
was used. For quantitative variables such as age
hematological parameters, SUV mean and SUV max,
mean and IQR were reported while for qualitative
variables such as provisional diagnosis of cancer were
recorded as frequency and percentages. Stratification
was carried our regarding SUV max uptake and NLR
before and after treatment for seeing effect of such
modifiers on outcome variables by applying chi-square
test keeping p-value <0.05 as statistically significant.

RESULTS

A total of 237 patients were included in the study with
mean age of 52.47 £ 15.5 years and with 147 (62 %)
females and 90 (38 %) males. Diagnosis of lymphoma
was reported in 72 (30.4 %) of patients followed by
gynecological tumors in 43 (18.1 %) of patients. Zero
positive lymph nodes were reported in 114 (48.1 %) of
patients, 1-3 in 45 (19 %) of patients, 4-9 in 36 (15.2
%) of patients, >10 in 24 (10.1 %) of patients while in
18 (7.6 %) they were unknown. Metastasis was reported
in 93 (39.2 %) of patients. Regarding TNM staging,
stage 1 was found in 19 (8 %) of patients, stage 2 in 62
(26.3 %) patients and stage 3 in 53 (22.4 %) of patients.
Lymphovascular invasion was seen in 130 (54.9 %) of
patients overall [Table 1].

The mean and Inter-Quartile Range (IQR) of SUV max
before treatment was 10.35 (5.8-12.84) while after
treatment was 3.98 (1.74-8.21) with significant
difference of p-0.01. The total leucocyte count before
treatment was 6,725 (5,112-12,375) mm? while after
treatment was 7,220 (6,990-9920) mm?® with an
insignificant difference of p-0.08. An Absolute
Neutrophil Count (ANC) before treatment was 3,200
(1900-4500) mm?® while after treatment was 4,850
(3120-6600) mm? with an insignificant difference of p-
0.08. An Absolute Lymphocyte Count (ANC) before
treatment was 3,980 (1850-6900) mm?® while after
treatment was 2,900 (1600-4200) mm® with an
insignificant difference of p-0.053. Before treatment,
Neutrophil to Lymphocyte Ratio was 7.2 (3.52-9.20)
while after treatment was 3.34 (2.73-5.42) with a
significant difference of p-.04. C - reactive protein
(CRP) before treatment was 17.4 (6.25-53.40) while
after treatment was 6.45 (3.20-29.50) with a significant
difference of p-0.03. Erythrocyte Sedimentation Rate
(ESR) before treatment was 38 (12-58) while after
treatment was 22 (7-38) with a significant difference of
0.04. Lactate Dehydrogenase (LDH) before treatment
was 244 (174.50-302.75) U/L while after treatment was
248 (184.6-310.50) U/L with an insignificant difference
of p-0.08. Serum Albumin before treatment was 3.4
(3.15-4.20)g/dl while after treatment was 3.74 (3.24-
4.80) g/dl with an insignificant difference of p-0.07.
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Serum Uric Acid before treatment was 4.77 (3.54-6.28) Absolute 3,980 (1850- 2,900 0.053
while after treatment was 4.20 (2.99-5.90) with an Lymphocyte 6900) (1600-
insignificant difference of p-0.054 [Table 2]. Count (mm?®) 4200)
Table No.l: Baseline demographics of patients Neutrohphll to 7.2 (3.52- 3.34(2.73- | 0.04
included in the study (n=237) '-Vrggti%cyte 9.20) 5.42)
i 0,
Variable F/r,f’/lqe‘;enniys(g’) C-Reactive | 17.4(6.25- | 6.45(3.20- | 0.03
T Protein (CRP) 53.40) 29.50)
Age (years) 5247+ 155 SeEémh;ﬁgltgn 38 (12-58) | 22(7-38) | 0.04
Tumor Size (cm) 3.54 +2.30 Rate (ESR)
Gender Male 90 (38 %) Lactate 244 (174.50- 248 0.08
Female 147 (62 %) Dehydrogenase | 302.75) (184.6-
Lymphoma (HOC_igkII’I 72 (30.4 %) (LDH) (U/L) 310.50)
+ Non-Hodgkin) Serum 3.4 (3.15- | 3.74(3.24- | 0.07
Gynecological 43 (18.1 %) Albumin (g/dl) 4.20) 4.80)
Tumors Serum Uric | 4.77 (3.54- | 4.20 (2.99- | 0.054
Lung Cancer 36 (15.2 %) Acid 6.28) 5.90)
Gastrointestinal Tract 32 (13.5 %)
Tumors DISCUSSION
Diagnosis Genitourinary 23 (9.7 %)
Tumors The results of our study reported that from the 237
Head and Neck 12 (5.1 %) patlents included, a significant difference was observed
Tumors in the pre and post treatment_values of SUV max (p-
CNS Tumors 09 (3.8 %) 0.01), NLR (p-0.04_), _C—reactlve protein (p-0.03) and
Colorectal Cancer 06 (2.5 %) ESR (p-0.04). quorlty of_ patlent_s mcl_uded_ were
9 h the highest diagnosis being of
Sarcoma 02 (0.84 %) females (62 %) wit g gnosi; g
lymphoma (30.4 %) followed by gynecological tumors
Melanoma 02 (0.84 %) ymp ! um
Positive 0 114 (48.1 %) (18.1 %), lung cancer (15.2 %) and _gastro_lntestlnal
Lvmoh 13 25 (19'0/) tumors (13.5 %) while least common diagnosis was of
ymp ;’ sarcoma and melanoma in 0.84 % of patients each.
Nodes 4-9 36 (15.2 %) In line with our study, other studies have reported
>10 24 (10.1 %) similar results in terms of the SUV max uptake values
Not Known 18 (7.6 %) of Positron Emission Tomography/ Computed
Metastasis Yes 93 (39.2 %) Tomography before and after treatment as well as the
No 144 (60.8 %) values of NLR. This study is one of the first study in
TNM 1 19 (8 %) which both PET/CT and NLR were evaluated in same
Stage 2 62 (26.3 %) set of patients. A study reported that PET/CT plays an
3 53 (22.4 %) important role in localization of lesion and can be used
Lympho Yes 130 (54.9 %) as a useful technique for directing course of initial
vascular No/ Not Known 107 (45.1 %) therapy of in patients where biopsy is risky, such as
Invasion with suspected recurrence or cancer near vital organs'’.

Table No.2: Cross-tabulation of SUV max and
various hematological parameters before and after
treatment (n=237)

Variables Before After p-
Treatment | Treatment | value
Mean + IQR
SUV max 10.35(5.8- | 3.98(1.74- | 0.01
12.84) 8.21)
Total 6,725 (5,112- 7,220 0.08
Leucocyte 12,375) (6,990-
Count (mm?) 9920)
Absolute 3,200 (1900- 4,850 0.08
Neutrophil 4500) (3120-
Count (mm?®) 6600)

PET/CT is effective in distinguishing malignant from
benign tumors as well®®. Like in our study as well,
another study observed that PET/CT can be
successfully used for determining extent of cancer
treatment especially in treatment that may require
additional therapy.

Researchers have deemed it vital for predicting
biological behavior, prognosis as well as patient
followed in various cancers. There are multiple
methods for such predictions, but it is not yet clear as to
which modality is best?®. Similar to PET/CT, the use of
NLR as an inflammatory marker in tumorigenesis has
been studied. Published data shows that a high NLR has
been associated with poor prognosis while low NLR
has been linked to better prognosis. However, it is
stated that NLR might be an objective measure of
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inflammation with can easily be derived from routine
laboratory assessments?. A study done to evaluate the
utility of NLR in cancer patients concluded that NLR is
a validated independent prognostic factor for cancer
patients after treatment??,

Another research done by Ucar E et al for finding a
relationship between laboratory parameters and SUV
max of PET/CT in lymphoma patients observed that
CRP, ESR and LDH values were good predictors of
treatment in addition to PET/CT and also in patients
where PET/CT imaging could not be performed.
Similar results were reported in our study as well?.

In yet another analysis of over 60 studies with 37,000
cancer patients, various studies were found to have
elevated levels of NLR and were associated with poor
prognosis. A study by on colorectal cancer patients
observed mean NLR to be >4. Gastric cancer patients
reported NLR >3. A research on pancreatic cancer
patients observed NLR >5, on lung cancer patients
NLR was >2.5, in renal cancer patients NLR was >2.5
etc. One common factor in all the studies was that in
patients having decreased NLR after treatment showed
better prognosis than in patients having a high NLR
after treatment, being associated with poor prognosis.
The findings of our study are in line with the published
literature. However one strength of the our study is that
both PET/CT and NLR have not been evaluated. This
was one of a kind study where both were evaluated.
Nonetheless our study was not free from limitations
such selection bias, technical errors, the fact that the
study was carried out at a single center with limited
sample size etc. Further multi-centered local studies
would help in validating the findings of this study.

CONCLUSION

According to the results of the study, both SUV max
uptake of PET/CT imaging showed significant decrease
after treatment of cancer patients. Similarly NLR was
also found to decrease after treatment. Both were
associated with better prognosis of patients.

Author’s Contribution:

Concept & Design of Study:  Reena Kumari Sunil

Drafting: Tarig Siddique, Tooba
Khan

Data Analysis: Sunil Kumari

Reena Kumari Sunil
Reena Kumari Sunil

Revisiting Critically:
Final Approval of version:

Conflict of Interest: The study has no conflict of
interest to declare by any author.

REFERENCES

1. Roy PS, Saikia B. Cancer and cure: A critical
analysis. Ind J Cancer 2016;53(3):441-2.

2. World Health Organization. Global Health
Observatory. Geneva: World Health Organization;

10.

11.

12.

13.

2018. who.int/gho/database/ en/. Accessed June 21,
2018.

Kumar R, Halanaik D, Malhotra A. Clinical
applications of positron emission tomography-
computed tomography in oncology. Ind J Cancer
2010;47(2):100.

Eagle CR. Thermal Properties of 18F-FDG Uptake
and Imaging in Positron Emission Tomography
Scans of Cancerous Cells. PANDION: The Osprey
J Research ldeas 2021;2(1):4.

Dolan RD, Maclay JD, Abbass T, Colville D, Buali
F, MacLeod N, et al. The relationship between
18F-FDG-PETCT-derived  tumour  metabolic
activity, nutritional risk, body composition,
systemic inflammation and survival in patients
with lung cancer. Scientific Reports
2020;10(1):208109.

Coffelt SB, Wellenstein MD, de Visser KE.
Neutrophils in cancer: neutral no more. Nature
Reviews Cancer 2016;16(7):431-46.

Howard R, Kanetsky PA, Egan KM. Exploring the
prognostic value of the neutrophil-to-lymphocyte
ratio in cancer. Scientific Reports 2019;9(1):1-0.
Mowbray NG, Griffith D, Hammoda M, Shingler
G, Kambal A, Al-Sarireh B. A meta-analysis of the
utility of the neutrophil-to-lymphocyte ratio in
predicting survival after pancreatic cancer
resection. Hpb 2018;20(5):379-84.

Kim EY, Lee JW, Yoo HM, Park CH, Song KY.
The platelet-to-lymphocyte ratio versus neutrophil-
to-lymphocyte ratio: which is better as a prognostic
factor in gastric cancer? Annals Surgical Oncol
2015;22:4363-70.

Templeton AJ, Knox JJ, Lin X, Simantov R, Xie
W, Lawrence N, et al. Change in neutrophil-to-
lymphocyte ratio in response to targeted therapy
for metastatic renal cell carcinoma as a
prognosticator and biomarker of efficacy. Eur Urol
2016;70(2):358-64.

Prodromidou A, Andreakos P, Kazakos C, Vlachos
DE, Perrea D, Pergialiotis V. The diagnostic
efficacy of platelet-to-lymphocyte ratio and
neutrophil-to-lymphocyte ratio in ovarian cancer.
Inflammation Research 2017;66:467-75.

Prabawa IP, Bhargah A, Liwang F, Tandio DA,
Tandio AL, Lestari AA, et al. Pretreatment
neutrophil-to-lymphocyte ratio (NLR) and platelet-
to-lymphocyte ratio (PLR) as a predictive value of
hematological markers in cervical cancer. Asian
Pacific J Cancer Prevention: APJCP 2019;20(3):
863.

Jin Y, Ye X, He C, Zhang B, Zhang Y.
Pretreatment neutrophil-to-lymphocyte ratio as
predictor of survival for patients with metastatic
nasopharyngeal carcinoma. Head Neck 2015;37(1):
69-75.



Med. Forum, Vol. 34, No. 4

April, 2023

14,

15.

16.

17.

18.

Mirili C, Guney IB, Paydas S, Seydaoglu G,
Kapukaya TK, Ogul A, et al. Prognostic
significance of neutrophil/lymphocyte ratio (NLR)
and correlation with PET-CT metabolic parameters
in small cell lung cancer (SCLC). Int J Clin Oncol
2019;24:168-78.

Fujii T, Yanai K, Tokuda S, Nakazawa Y,
Kurozumi S, Obayashi S, Yajima R, et al.
Relationship  between FDG  uptake and
neutrophil/lymphocyte ratio in patients with
invasive ductal breast cancer. Anticancer Research
2018;38(8):4927-31.

Filippi L, Di Costanzo GG, Tortora R, Pelle G,
Saltarelli A, Marsilia GM, et al. Prognostic value
of neutrophil-to-lymphocyte ratio and its
correlation with fluorine-18-fluorodeoxyglucose

metabolic parameters in intrahepatic
cholangiocarcinoma submitted to 90Y-radio-
embolization. Nuclear Med Communications

2020;41(1):78-86.

Li R, Ravizzini GC, Gorin MA, Maurer T, Eiber
M, Cooperberg MR, Alemozzaffar M, et al. The
use of PET/CT in prostate cancer. Prostate Cancer
Prostatic Diseases 2018;21(1):4-21.

Spick C, Herrmann K, Czernin J. 18F-FDG
PET/CT and PET/MRI perform equally well in

19.

20.

21.

22.

cancer: evidence from studies on more than 2,300
patients. J Nuclear Med 2016;57(3):420-30.

Zhao Q, Shi X, Xie Y, Huang J, Shia B, Ma S.
Combining multidimensional genomic
measurements for predicting cancer prognosis:
observations from TCGA. Briefings Bioinformatics
2015;16(2):291-303.

Kumarasamy C, Sabarimurugan S, Madurantakam
RM, Lakhotiya K, Samiappan S, Baxi S, et al.
Prognostic significance of blood inflammatory
biomarkers NLR, PLR, and LMR in cancer—A
protocol for systematic review and meta-analysis.
Medicine 2019;98(24).

Ucar E, Yalcin H, Kavvasoglu GH, llhan G.
Correlations between the maximum standard
uptake value of positron emission tomography/
computed tomography and laboratory parameters
before and after treatment in patients with
lymphoma. Chinese Med J 2018;131(15): 1776-9.
Guthrie GJ, Charles KA, Roxburgh CS, Horgan
PG, McMillan DC, Clarke SJ. The systemic
inflammation-based neutrophil-lymphocyte ratio:
experience in patients with cancer. Critical
Reviews Oncology/Hematol 2013;88(1):218-30.



