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Background and Objectives Head and neck cancer can occur as a second primary tumor
in patients with a history of hematological malignancy, and the pathological features of those
are more aggressive than de novo primary head and neck cancer. However, research related to
the prognostic value of hematological markers in the head and neck cancer patients with a his-
tory of hematological malignancy is scarce, so we performed this study.

Subjects and Method We reviewed a total of 89 head and neck cancer patients with hemato-
logical malignancy diagnosed at a single tertiary hospital between 1997 and 2021, and enrolled
29. The analyzed hematological parameters included pre- and post-treatment hemoglobin, he-
matocrit, lactate dehydrogenase, absolute neturophil count (ANC), absolute platelet count, ab-
solute leukocyte count, neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte ratio.
Results Hematological malignancy was diagnosed almost 62.14+96.10 months before head
and neck cancer. The most common hematological malignancy was acute myeloid leukemia.
The overall survival (OS) rate was lower in patients with second primary tumor than in those
with de novo primary head and neck cancer. The cox-proportional hazard ratio analysis showed
that the post-treatment absolute neutrophil count was significantly correlated with disease-free
survival but not with OS.

Conclusion The post-treatment hematological profile, particularly ANC, can be considered
a useful prognostic marker in the head and neck cancer patients with a history of hematologi-
cal malignancy. Korean J Otorhinolaryngol-Head Neck Surg 2023;66(10):678-85

Keywords Head and neck neoplasms; Hematologic neoplasms; Leukocyte count; Prognosis;
Second primary neoplasm.

Introduction

Hematological malignancies accounted for 10% of all can-
cers in the United States in 2019.” In South Korea, non-Hodg-
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kin’s lymphoma is the most common hematological malig-
nancy, followed by leukemia and multiple myeloma.” A recent
study reported a significant increase in all hematologic malig-
nancies.” Furthermore, hematological malignancies increase
the risk of a second primary tumor.”

The common solid organs where second primary head and

neck cancer with a history of hematological malignancy fre-
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quently occur is known to be the prostate, lung/bronchus,
breast, and skin.” Particularly, it has been reported that in the
case of Hodgkin lymphoma as primary hematological malig-
nancy, lung cancer occurs frequently in male, while oral cav-
ity & pharynx cancer occur frequently in female.” Moreover,
the pathological features of second primary tumor with a his-
tory of hematological malignancy was known to be aggres-
sive showing a significantly lower overall survival (OS) rate
compared to primary tumor alone.”

The prognostic factors for second primary tumor with a his-
tory of hematological malignancy include age, chemotherapy,
bone marrow transplantation (BMT), and novel cytogenetic
and molecular biology parameters.” However, studies on the
prevalence and prognosis of head and neck cancer in patients
with a history of hematological malignancy are yet insuffi-
cient. Furthermore, the research for serologic markers as a
prognostic factor is scarce in second primary tumor with a his-
tory of hematological malignancy. So, we evaluated the prog-
nostic value of hematological parameters for head and neck
cancer patients with a history of hematological malignancy.

Subjects and Methods

In this retrospective study, we reviewed the medical records
of head and neck cancer patients who had a history of hema-
tological malignancy and were diagnosed at Seoul St. Mary’s
hospital between 1997 and 2021. We excluded patients with
malignancies other than head and neck cancer and hematolog-
ical malignancy, missing data for important serological param-
eters (such as complete blood count and blood chemistry), loss
to follow-up before study completion, or death not related to
the cancer of interest. We also excluded patients with lympho-
ma, to rule out any effect of lymphoproliferative disease when
evaluating the prognostic value of hematological parameters
for hematological malignancy. Among the total of 89 patients,
29 were included in the study. We also compared the survival
status of 3192 head and neck cancer patients without a history
of hematological malignancy diagnosed for the same period
of this study to that of those with a history of hematological
malignancy. Hematological malignancies, particularly acute
myeloid leukemia (AML), acute lymphoid leukemia (ALL),
chronic myeloid leukemia (CML), chronic lymphoid leuke-
mia (CLL), myelodysplastic syndrome (MDS), and head and
neck cancer (including that affecting the cavity, oropharynx,
hypopharynx, larynx, and other primary sites, such as sali-
vary glands or nasal cavity), were classified using the 10th
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revision of the International Classification of Diseases and
staged according to the 8th edition of the AJCC cancer stag-
ing system. Pre- and post-treatment blood samples were ob-
tained at the first and final visits to our clinic during the study
period, respectively.

We analyzed the prognostic value of pre- and post-treat-
ment hemoglobin (Hb), hematocrit (Hct), and lactate dehy-
drogenase (LDH), and the absolute neutrophil count (ANC),
absolute platelet count, absolute leukocyte count (ALC), neu-
trophil-to-lymphocyte ratio (NLR), and platelet-to-lympho-
cyte ratio (PLR). Previous studies have shown that a low Hb
level and high LDH level correlate with the tumor burden in
advanced hematological diseases.” Furthermore, LDH is a
prognostic factor for non-Hodgkin lymphoma, and is included
in the International Prognostic Index. The prognostic values
of inflammation-related serological markers, such as the ANC,
ALC, absolute platelet count, PLR, and NLR, were also ana-
lyzed. Several previous studies have shown that inflammation
plays an important role in tumor development and progres-

M reported that pre-treatment

sion."” Recently, Arend, et al.
ANC negatively correlates with the risks of recurrence and
mortality in cancers. Increased NLR can be used as an in-
flammatory marker to distinguish between low- and high-
grade malignant head and neck cancer.” A recent study by
Koyama, et al.” showed that ALC and PLR were significantly
related to the OS and treatment efficacy in breast cancer. In
the present study, we selected candidate peripheral blood he-
matological markers based on the previous studies.

Statistical analysis was performed using R software (version
4.0.2; R Foundation for Statistical Computing, Vienna, Aus-
tria). The log-rank test and Kaplan-Meier curves were used to
compare OS and disease-free survival (DFS) between 29 and
3,192 head and neck cancer patients with and without a his-
tory of hematological malignancy, respectively. The cut-off
values for the hematological parameters were calculated based
on the maximum Youden index (sensitivity-+specificity-1),
obtained from receiver operating characteristic (ROC) curve
analysis. Cox proportional hazard regression analysis was used
to calculate the relative risk.

The Institutional Review Board (IRB) of our hospital ap-
proved this study (KC22R ASI0535). The study was conducted
in accordance with the relevant laws and regulations, good
clinical practices, and ethical principles, as described in the
Declaration of Helsinki.
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Results

Table 1 presents the characteristics of 29 head and neck
cancer patients with a history of hematological malignancy.
The mean ages at diagnosis of the hematological malignancy
and head and neck cancer were 39.79+21.04 and 45.97+17.58
years, respectively. Hematological malignancy was diagnosed
almost 62.14+96.10 months before head and neck cancer (p=
0.003). Of the 29 patients, 21 (72.4%) were males, 12 (41.4%)
were smokers, and 14 (48.3%) consumed alcohol. AML (n=11,
37.9%) was the most common hematological malignancy, fol-
lowed by MDS (n=7, 24.1%), ALL (n=5, 17.2%), CML (n=5,
17.2%), and CLL (n=1, 3.4%). BMT was performed in 16 pa-
tients (55.2%), among whom 13 (44.8%) underwent HLA type
matching. At the final follow-up, the mean survival period of
the 29 patients was 3.931+4.45 years.

We compared prognosis and OS between head and neck
cancer patients with and without a previous hematological
malignancy (Fig. 1), and found a statistically significant dif-
ference in OS between the two groups (17.24% vs. 22.01%, re-
spectively; p=0.044).

Table 2 presents the mean and standard deviation of the se-
rological parameters for the hematological malignancy sub-
groups, and for hematological disease overall. The pre- and
post-treatment Hb levels in the overall hematological malig-
nancy group were 11.6+2.8 and 11.4+2.5 g/dL, respectively.
ALL patients had the most severe pre-treatment anemia (10.8+
3.5 g/dL). CML patients had anemia at the time of post-treat-
ment (11.342.6 g/dL). Similar to Hb level, pre- and post-treat-
ment Het levels were lower in ALL and CML patients than in
the other groups. However, there was no significant difference
between the groups. The pre- and post-treatment LDH levels
in the overall hematological malignancy group were 1180+
3007 and 372+279 U/L, respectively, and the ANCs were
4113+6746x10°/L and 4958+4704x10°/L, respectively. There
was also no significant difference in any other serological
markers between the groups.

The ROC curve displays the sensitivity and 1-specificity;
the area under the curve (AUC) is a useful indicator of accu-
racy.” Diagnostic tests with higher AUC values are more ac-
curate, and the tests are considered reliable when the AUC value
is >0.5."” Among the serological parameters evaluated in the
present study, pre-treatment Hb and Hct, post-treatment LDH,
ANC, NLR, and pre- and post-treatment PLC were found to
be reliable predictors of OS, with AUC values >0.5. The Youden
index is a commonly used metric of the overall diagnostic ef-
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Table 1. Baseline patient characteristics (n=29)

Variables Value
Age at diagnosis in H&N malignancy 4597 +17.58
(years)
Age at diagnosis in hematological 39.79+21.04
malignancy (years)
Sex
Male 21 (72.4)
Female 8 (27.6)
Smoking
Smoker 12 (41.4)
Non smoker 17 (58.6)
Alcohol consumption
Yes 14 (48.3)
No 15(51.7)
H&N malignancy
Oral cavity 13 (44.8)
Oropharynx 2(6.9)
Hypopharynx 4(13.8)
Larynx 5(17.2)
Others 5(17.2)
Hematological malignancy
AML 11 (37.9)
ALL 5017.2)
CML 5017.2)
CLL 1(3.4)
MDS 7 (24.1)
GVHD
Yes 12 (41.3)
One site 3(10.3)
Multiple sites 9 (31.0)
No 17 (58.6)
Grade of oral GVHD
I 2(6.9)
I 7 (24.1)
1] 1(3.4)
v 1(3.4)
Pathologic TNM classification at diagnosis
T classification
T1 12 (41.4)
T2 6(20.7)
13 5(17.2)
T4 6(20.7)
N classification
NO 19 (65.5)
N1 6(20.7)
N2 2(6.9)
N3 2(6.9)
Interval between diagnosis of H&N and 62.14+96.10

hematological malignancy (months)




Table 1. Baseline patient characteristics (n=29) (continued)

Variables Value
Radiotherapy
Yes 14 (48.3)
No 15(51.7)
Transplantation
Yes 16 (55.2)
HLA type matching 13 (44.8)
HLA type mismatching 3(10.3)
No 13 (44.8)
Complete regression of hematological
malignancy
Yes 17 (58.6)
No 12 (41.4)
Recurrence of H&N malignancy
Yes 8(27.6)
No 21 (72.4)
Survival period (years) 3.93+4.45

Data are presented as mean + standard deviation or n (%).
H&N, head and neck; AML, acute myeloid leukemia; ALL,
acute lymphoid leukemia; CML, chronic myeloid leukemia;
CLL, chronic lymphoid leukemia; MDS, myelodysplastic syn-
drome; GVHD, graft-versus-host disease; HLA, human lueko-
cyte antigen

fectiveness, and includes the sensitivity and specificity. The
optimal cut-off value for a diagnostic test is determined by
assigning equal weight to the sensitivity and specificity (i.e.,
' Based on the
maximum Youden index, the optimal cut-off values for each
variable in this study were as follows: Hb, 13.8 g/dL; Hct,
40.4%; LDH, 259 U/L; ANC, 6365x10°/L; NLR, 4.5; and pre-
and post-treatment PLR, 101 and 92, respectively.

maximizing the sensitivity+specificity value).

We evaluated the relationships of the aforementioned sero-
logical markers with OS and DFS in head and neck cancer pa-
tients with and without a history of hematological malignancy.
There was no statistically significant association of the sero-
logical markers with OS (Table 3). Because the serological
markers are often abnormal in patients with hematological
malignancy, OS depended on hematological malignancy, rath-
er than head and neck cancer. We also analyzed DFS to eval-
uate the effect of head and neck cancer. Only the post-treat-
ment ANC was significantly correlated with the DFS (cut-off
value=6365x10°/L, hazard ratio [HR]=4.407, 95% confidence
interval [CI]=1.036—18.508, p=0.048) (Table 4).

Table 5 presents the cut-off value, AUC, sensitivity, speci-
ficity, positive predictive value, and negative predictive value
of post-treatment ANC for DFS (6365><109/L, 0.741, 0.625,
0.857, 0.625, and 0.857, respectively). We constructed a ROC
curve to calculate the aforementioned values (Fig. 2).
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Fig. 1. Comparison of overall survival between head and neck
cancer patients with and without previous hematological malig-
nancy. H&N, head and neck.

Discussion

An increasing number of studies are being performed on the
prevalence and pathogenesis of second primary tumors after
hematological malignancy. Most studies found that the inci-
dence of second primary tumor increased after hematologi-
cal malignancy.” By contrast, some studies reported that the
incidence of solid tumors, as a second primary malignancy

' Several studies have been

after multiple myeloma, decreased.
performed on the pathogenesis of second primary tumor af-
ter hematological malignancy. One study reported that che-
motherapy for hematological malignancy increased the risk
of a second primary tumor by creating a selective pressure
accelerating the clonal evolution of specific tissues.” Second
primary malignancy may develop through various mechanisms,
including an abnormal immune-mediated signaling cascade,
genetic mutations, and T cell dysfunction.” Although numer-
ous studies have evaluated the epidemiology and pathogene-
sis of second primary malignancy after hematological ma-
lignancy, studies on the prognosis are scarce. Therefore, we
evaluated the prognostic factors of head and neck cancer pa-
tients with a history of hematological malignancy.

Several hematological parameters are useful prognostic
markers in patients with a hematological malignancy. Chen,
et al."” reported that the pre-treatment Hb level and mono-
cyte and platelet count were independent prognostic factors,
as tumor-related monocytosis, thrombocytosis, and anemia
were associated with poor OS in head and neck squamous cell
carcinoma patients. In our study, the pre-treatment Hct level
and post-treatment LDH level, ANC, and NLR were nega-
tively correlated with OS, although the results did not reach
statistical significance (Table 3). These abnormal parameters
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Table 2. The serological parameters for the hematological malignancy subgroups

Overalll AML ALL CML CLL MDS

Hb (g/dL)

Pre-tfreatment 11.6+£2.8 11.2+£2.4 10.8£3.5 12.6+1.4 13.0 11.6+£2.8

Post-tfreatment 11.4£25 12.2+2.4 120+1.3 11.3£2.6 12.9 11.4+25
Hct (%)

Pre-tfreatment 34.6+8.4 33.3+7.3 31.8+11.0 37.8+4.2 39.2 35.6+11.2

Post-treatment 34.7+7.8 37.6+7.0 36.2+4.0 34184 39.5 28.8+9.2
LDH (U/L)

Pre-tfreatment 1180+ 3007 4324169 4624+ 6720 407+218 294 575+193

Post-freatment 3724279 3444363 337+183 321+139 176 507 +276
Absolute neutrophil count (x 10°/L)

Pre-tfreatment 4113+6746 1715+1502 4592+8265 10380+12797 3180 3196+3047

Post-freatment 4958+ 4704 3558+3949 5495+ 5058 5058+2604 2530 5861+6562
Absolute platelet count (x 107/L)

Pre-freatment 155+154 115+93 72+93 272+ 164 235 1834226

Post-treatment 169+108 175£100 178+78 210£56 128 128+168
Absolute lymphocyte count (x 10°/L)

Pre-freatment 25662623 18301106 39563524 36264995 4250 1729 564

Post-freatment 1933+1713 1884+ 1541 1952+1833 2654+1538 6590 814+638
Neutrophil-lymphocyte ratio

Pre-tfreatment 20+2.8 0.9+0.8 1.8+3.5 48+4.6 1.0 1.9+2.1

Post-freatment 519.9+2773.4 1359.8+4504.0 10.8+£16.5 2.6+1.8 0.0 7.4+57
Platelet-lymphocyte ratio

Pre-treatment 110.7+129.0 114.0£123.2 24.8+29.7 192.4£196.0 550 116.3£118.0

Post-treatment 1223.4£5729.1 2939.0+9307.2 194.8£213.3 101.6+54.4 19.0 235.6+243.5

Data are presented as mean*standard deviation. AML, acute myeloid leukemia; ALL, acute lymphoid leukemia; CML, chronic
myeloid leukemia; CLL, chronic lymphoid leukemia; MDS, myelodysplastic syndrome; Hb, hemoglobin; Hct, hematocrit; LDH, lac-

tate dehydrogenase

are explained by bone marrow suppression due to the hemato-
logical malignancy, and may reflect an immunocompromised
state; this would explain their negative association with OS.
We evaluated the associations of hematological markers with
DFS to exclude the effects of bone marrow suppression due to
hematological malignancy in head and neck cancer patients
(Table 4).

Several previous studies have reported that ANC is a prog-
nostic marker of recurrence in head and neck cancer, among
other cancers. Watanabe, et al.*” reported that high ANC was
associated with an increased risk of postoperative recurrence
in intrahepatic cholangiocarcinoma. In addition, high pre-
treatment ANC is a poor prognostic factor in uterine carcino-
ma and is associated with reduced progression-free survival."
The results of previous studies suggest that ANC is an inflam-

' reported that abnormally

mation-related marker. Wang, et al.
high inflammatory cytokine levels affected the progression
and recurrence of head and neck cancer. COX2 was activated
by inflammation and exerted a protumorigenic effect through

various mechanisms.”” Higher COX2/P300 levels correlated
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with a higher recurrence rate in laryngeal squamous cell car-
cinoma.” The aforementioned studies suggest that inflamma-
tion is associated with the development and prognosis of cancer.

In our study, post-treatment ANC had a statistically signif-
icant positive correlation with the recurrence of head and neck
cancer. In addition, the OS was decreased with high post-treat-
ment ANC, although not statistically significantly. These find-
ings are consistent with those of other studies that reported
that graft-versus-host disease (GVHD) might cause tumorigenic
inflammation. We propose that BMT followed by GVHD may
create an inflammatory environment and tumorigenic effect.

Cooke, et al.”

suggested that GVHD reflects an abnormal im-
mune regulatory mechanism that causes inflammation; this
is supported by the higher ANC in GVHD patients compared
to non-GVHD controls.” In our study, GVHD occurred in 12
(41%) of 16 (55%) patients after BMT, of whom 8 (28%) had
head and neck cancer recurrence. This finding suggests that
long-term oral cavity surveillance is necessary for patients
who developed GVHD after BMT.

LDH is also used to predict cancer prognosis. High LDH



level correlates with a poor prognosis in early stage and locally
advanced cervical and colorectal cancers.”® Although not sta-
tistically significant, we found that the OS was increased in
patients with a high post-treatment LDH level (HR=7.256, 95%
CI=0.906—58.120). Furthermore, the same molecular signal-
ing cascade is involved in LDH metabolism and angiogenesis
in tumors.”” Azuma, et al.”® reported that a high LDH serum
level was associated with overexpression of the angiogenetic
factors VEGFA and VEGFR-1. Tas, et al.*” demonstrated that
the LDH level was a surrogate marker of tumor angiogene-
sis. The previous reports agree with our conclusion that post-
treatment LDH was negatively associated with OS.

Several hematological markers related to inflammation have
been investigated in terms of their association with cancer.
In particular, Gosavi and Torkadi’” found that the serum C-
reactive protein level was associated with oral squamous cell

cancer and oral potentially malignant disorder, and showed a

Table 3. Univariate cox proportional hazard regression analysis
of overall survival

Parameters HR (95% CI) p value
Hb level
Pre treatment 0.511
>13.8 0.042 (0.000—529.092)
<13.8 Reference
Hct level
Pre treatment 0.057
>40.4 3.609 (0.963-13.521)
<40.4 Reference
LDH
Post treatment 0.062
=259 7.256 (0.906—58.120)
<259 Reference
Absolute neutrophil count
Post freatment 0.068
>6365 3.403 (0.912-12.696)
<6365 Reference
Neutrophil-lymphocyte ratio
Post treatment 0.069
>4.5 3.617 (0.903-14.477)
<4.5 Reference
Platelet-lymphocyte ratio
Pre treatment 0.272
>101 2.097 (0.559-7.865)
<101 Reference
Post freatment 0.179
>92 2.964 (0.607—14.478)
<92 Reference
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positive correlation with the primary tumor size. Many stud-
ies are being carried out on various hematologic markers that
can be used to predict cancer prognosis. Several previous stud-
ies have investigated the use of various hematological markers
to predict cancer prognosis. However, additional studies eval-
uating the molecular changes and imaging findings are needed
to determine the clinical significance of hematological markers
in cancers.

There were some limitations to our study. First, it was a ret-
rospective study that included small numbers of patients in
the various hematological malignancy categories, which lim-
its the generalizability of our results. Second, the blood sam-
ples were collected at different times for each patient, which
may have introduced bias into the results. Therefore, further
large-scale, well-designed studies are required to verify our
findings.

To the best of our knowledge, this is the first study to inves-
tigate the correlation between hematological markers and sec-
ond primary head and neck cancer in patients with a previ-
ous hematological malignancy. The post-treatment ANC was
negatively associated with the prognosis. ANC is related to

Table 4. Univariate Cox proportional hazard regression analysis
of disease-free survival

Parameters HR (95% CI) p value
LDH
Pre treatment 0.549
>502 1.528 (0.381-6.125)
<502 Reference
Post treatment 0.061
=259 7.500 (0.909-61.847)
<259 Reference
Absolute neutrophil count
Post freatment 0.048*
>6365 4.407 (1.046—18.566)
<6365 Reference
Neutrophil-lymphocyte ratio
Post treatment 0.122
>4.5 3.100 (0.739-13.011)
<4.5 Reference
Platelet-lymphocyte ratio
Pre treatment 0.334
>143 1.987 (0.494-80.02)
<143 Reference
Post freatment 0.536
>35 24.022 (0.001—5.644E5)
<35 Reference

HR, hazard ratio; Cl, confidence interval; Hb, hemoglobin; Hct,
hematocrit; LDH, lactate dehydrogenase

*for stafistical significance. HR, hazard ratio; Cl, confidence in-
terval; LDH, lactate dehydrogenase
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Table 5. Cut-off value, AUC, sensitivity, specificity, PPV and NPV of post-treatment ANC

Cut-off value AUC (p value) Sensitivity

Specificity PPV NPV

>6365 0.741 (0.048) 0.625

0.857 0.625 0.857

AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value; ANC, absolute neutrophil count
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Fig. 2. Receiver operating characteristic (ROC) curve of post-
treatment absolute neutrophil count level.

inflammation, which is known to be associated with tumor
pathogenesis. Our findings could aid the identification of pa-
tients requiring close follow-up after. However, further ran-
domized controlled and prospective studies with large sample

sizes are needed to validate our results.
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