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Background: Little is known about the clinical significance of laryngeal cancer as a subsequent tumor. We aimed to determine the impact of a prior cancer history on the prevalence and prognosis of patients with laryngeal cancer.

Methods: We retrospectively reviewed patients diagnosed with laryngeal cancer between 2004 and 2011 in the Surveillance, Epidemiology, and End Results (SEER) database. The t-test and chi-squared test were used to compare variables as appropriate. Matched 1:1 case control-adjusted Kaplan–Meier analyses and Cox regression models were performed to investigate the impact of prior cancer on overall survival (OS).

Results: Among 20,987 patients with laryngeal cancer, nearly one-fifth (n = 3,915, 18.65%) had a prior cancer. The top three common prior cancers were prostate (588, 28.1%), lung and bronchus (354, 16.9%), and head and neck (306, 14.6%). A total of 73.4% of the prior cancers were diagnosed within 5 years of the laryngeal cancer diagnosis. Compared to patients without prior cancer, a worse survival was significantly associated with a prior cancer among laryngeal cancer patients, regardless of the interval time of the prior cancer (log-rank tests P < 0.001). Furthermore, prior cancer was an independent predictor of worse OS based on the Cox regression model [hazard ratio (HR) = 1.396, 95% confidence interval, 1.336–1.458]. In addition, patients with prior lung and bronchus cancer tended to have the worst survival (log-rank tests P < 0.001).

Conclusions: Prior cancer has an adverse effect on clinical outcomes among patients with laryngeal cancer. These results suggest that individualized treatment should be seriously considered in patients with laryngeal cancer and a history of prior cancer, regardless of the interval time of prior cancer.
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INTRODUCTION

Laryngeal cancer is a significant clinical problem, with 177,422 estimated new cases and 94,771 estimated deaths worldwide in 2018 (1). The larynx has a complex regional anatomy and plays an important role in phonation, respiration, and swallowing. Therefore, achieving maximum disease control while preserving organ function is important for the treatment of laryngeal cancer, which means a unique set of therapeutic challenges. Care for laryngeal cancer patients requires a comprehensive evaluation and treatment plan in a multidisciplinary setting (2). For patients with limited disease, the cure rate can be as high as 80–90% (3). However, ~60% of patients are diagnosed with advanced disease (4). Concurrent chemoradiation has become the dominant treatment for advanced laryngeal cancer because of its higher rates of organ preservation compared to radiation therapy (RT) alone or induction chemotherapy followed by RT (5, 6). Despite the increasing use of chemotherapy and radiotherapy combinations in the majority of patients with advanced cancer, no improvement in overall survival has been found (5, 7, 8). Total laryngectomy is used to treat locally recurrent disease after chemoradiotherapy, especially for older or frail patients (6, 9).

Although participating in clinical trials is one of the treatment choices essential for management of these patients, according to recent estimates, the overall trial participation rate is only 8.1% (10). Clinical trial eligibility criteria are one of the most important barriers (11, 12). Prior cancer diagnosis as an exclusion criterion is common, which may result in a substantial proportion of otherwise eligible patients being excluded and thus limit enrollment (11, 13). It was reported that over 80% of lung cancer clinical trials initiated by the Eastern Cooperative Oncology Group (ECOG) excluded patients with prior cancer because of a long-held belief that a prior cancer diagnosis and treatment might interfere with study conduct or outcomes (11, 13). However, not all prior cancers have adverse effects on clinical outcomes (14, 15).

The number of cancer survivors is increasing rapidly as a result of the aging, population, expansion of cancer screening, and improvement in treatment of cancer (16). Twenty-five percent of older and over 10% of younger adults who was newly diagnosed with cancer have a prior cancer history (13). The prevalence of prior cancer ranges from 3.5 to 36.9% according to age and incident cancer type (13). As the number of cancer survivors increases, the impact of this exclusion criterion is more likely to grow. Therefore, understanding the prevalence of the prior cancer history among patients newly diagnosed with different types of cancer has important significance for cancer treatment and research.

However, no study has specifically assessed the prevalence of prior cancer among patients with laryngeal cancer and the impact of prior cancer on clinical outcomes. There is also little known about the clinical characteristics of laryngeal cancer patients with a prior cancer history. Therefore, we identified the prevalence and clinical characteristics of prior cancer among patients with laryngeal cancer and determined the impact factors of these patients on prognosis using the Surveillance, Epidemiology, and End Results (SEER) database.



METHODS


Data Source

We used the SEER database, which covers ~9.4% of the U.S. population (https://seer.cancer.gov/, accession number: 15832-Nov2018). The SEER*Stat software version 8.3.6 was used to extract data from the database. The study population included patients diagnosed with laryngeal cancer from January 2004 to December 2011, as several employed covariates have been introduced in SEER since 2004 (17).

Patients, aged younger than 15 years at diagnosis, with only death certificate or autopsy records or without complete survival data and follow-up information, were excluded from the study. We extracted demographic, clinical, and pathological data from the SEER database, including age, gender, race, marital status, TNM stage, primary sites, pathology grade, and treatment. Race was divided into white, black, and others. We classified marital status as married, unmarried, or unknown. The TNM stage was based on the American Joint Committee on Cancer (AJCC, 6th edition) staging system.



Measures

A history of prior cancer was determined from the SEER sequence number record, as described in a previous study (15). Briefly, a person's tumors are sequentially numbered within each SEER submission; the order is based on date of diagnosis and sequence. The interval time between laryngeal cancer and prior cancer was calculated by using the SEER survival months of the index cancer and the most recent of any prior cancers. The primary outcome was overall survival. We set December 31, 2016, as the follow-up cutoff date to ensure that all patients enrolled in the study were followed-up for at least 5 years.



Statistical Analysis

We divided the patients into two groups based on prior cancer history. To reduce selection bias and confounding, a matched 1:1 case-control method was performed. Variables were matched based on age, gender, race, marital status, pathologic grade, primary site, AJCC stage (6th edition), and treatment. The characteristics were balanced after application of the matched 1:1 case control method. These case control pairs were also used in subsequent analyses.

Variables were examined for association with or without prior cancer history by univariate analysis with the Pearson chi-squared analysis or the t-test. The multivariate logistic regression analysis was performed to identify whether prior cancer independently impacted prognosis. Survival curves were calculated by the Kaplan–Meier method and compared with the log-rank test. The prognostic importance of factors was analyzed using the Cox regression model (18). An enter procedure was used for multivariate analysis. Statistical significance was defined as P < 0.05 (two tailed). Statistical analyses were performed with IBM SPSS Statistics version 23.0 software (IBM Co, Armonk, New York, USA).




RESULTS

In total, we identified 20,987 eligible laryngeal cancer patients diagnosed between 2004 and 2011. Among these, 18.65% (n = 3,915) had a prior cancer history. Compared with patients without prior cancer, patients with prior cancer tended to be older (71 vs. 63 years, P < 0.001), female (22.0% vs. 19.1%, P < 0.001), white (84.2 vs. 81.1%, P < 0.001), and married (55.7 vs. 53.4%, P = 0.003). Patients with prior cancer also had a higher rate of being in the early stages of the disease at diagnosis. In both groups, the common sites of laryngeal cancer at diagnosis were the glottis and supraglottis. Moderately differentiated was the most common pathological grade. The vast majority of patients received surgical surgery. However, the percentage of radiotherapy was larger among patients with a history of prior cancer (30.1 vs. 20.6%, P < 0.001); patients with prior cancer also received more chemotherapy (76.1 vs. 65.8%, P < 0.001). The baseline characteristics are shown in Table 1. The characteristics were well balanced between the patients with or without prior cancer when using the case-control matching method (Table 1, matched-1 data set).


Table 1. Baseline characteristics of patients with larynx cancer.
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Among 3,915 laryngeal cancer patients with a cancer history, the types of prior cancer were clearly recorded for 2,098 patients in the SEER database. The types of previous tumors are shown in Figure 1. Over 73.4% of the prior cancers were diagnosed within 5 years of the index laryngeal cancer. The median time between the most recent prior cancer diagnosis and the index laryngeal cancer was 32 months. The case-control matching method was also applied between patients without prior cancer and patients with prior cancer and specific site records (Table 1, matched-2 data set). Patients with prior cancer who had shorter interval times were older and tended to have a primary site of the supraglottis compared with patients with longer interval times. Lung and bronchus cancer was common in patients with shorter interval times. The detailed information is shown in Table 2.


[image: Figure 1]
FIGURE 1. Distribution of prior cancers in 2,089 patients with laryngeal cancer.



Table 2. Characteristics of larynx cancer patients with prior cancer.
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In an unadjusted Kaplan–Meier analysis, compared to no prior cancer, prior cancer was significantly associated with worse survival among laryngeal cancer patients (log-rank tests P < 0.001) (Figure 2A). The overall 5-year survival rates for patients with or without prior cancer were 44.7% [95% confidence interval (CI), 43.1–46.3] and 58.2% (95% CI, 57.4–60.0), respectively. In an adjusted Kaplan–Meier analysis, patients with a history of prior cancer also had inferior OS than patients without a history of prior cancer (log-rank tests P < 0.001) (Figure 2B).


[image: Figure 2]
FIGURE 2. Kaplan–Meier survival curves of prior cancer impact on overall survival in patients with laryngeal cancer. Prior cancer was significantly associated with worse survival in laryngeal patients with compared to no prior cancer in both unadjusted and adjusted Kaplan–Meier analyses (A,B, respectively).


The overall 5-year survival rates for cancer of the glottis, supraglottis, subglottis, laryngeal cartilage, overlapping lesion of larynx, and larynx, NOS were 65.6% (95% CI, 64.8–66.4), 44.0% (95% CI, 42.8–45.2), 48.8% (95% CI, 43.7–53.9), 63.2% (95% CI, 55.6–70.7), 41.6% (95% CI, 37.3–45.9), and 40.5% (95% CI, 38.0–43.0), respectively. Carcinoma of the glottis patients tended to have the best survival (log-rank tests P < 0.001). Subgroup analyses for patients with different tumor location indicated that prior cancer has an adverse effect on clinical outcomes among laryngeal cancer patients except the cancer occurred in the overlapping lesion of larynx.

Figure 3 displays OS according to different types of prior cancer based on adjusted Kaplan–Meier analysis of the matched-2 data set. Among those with a history of prior cancer, patients with prior lung and bronchus cancer tended to have the worst survival (log-rank tests P < 0.001). Using the log rank method to compare the survival of different groups, only patients with prior melanoma seemed to have no significant difference in survival compared with patients without prior cancer.


[image: Figure 3]
FIGURE 3. Subgroup analysis of the impact of prior cancer on overall survival stratified by the prior cancer type in laryngeal cancer.


Figures 4, 5 show the Kaplan–Meier survival curves stratified by the timing of prior cancer in the matched-2 data set. Laryngeal cancer patients with a history of prior cancer show inferior survival compared with patients with no prior cancer. Taking the timing of prior cancer into consideration, the subgroup analysis showed that patients with prior cancer had a worse survival to patients without prior cancer, regardless of the interval timing of the prior cancer. Patients with interval times longer than 2, 3, 5, or 10 years had worse survival than patients without prior cancer (P < 0.001) (Figure 4).


[image: Figure 4]
FIGURE 4. Kaplan-Meier survival curves between patients without prior cancer and patients with different timing of prior cancer. Patients with prior cancer had a worse survival to patients without prior cancer, regardless of the interval timing of the prior cancer.



[image: Figure 5]
FIGURE 5. Kaplan-Meier survival curves according to the different timing of prior cancer. Patients with interval times longer than 2, 3, 5, or 10 years had worse survival than patients without prior cancer.


In addition, patients with interval times shorter than 2 or 3 years had worse survival than patients with interval times longer than 2 or 3 years (P < 0.001). Patients with interval times shorter than 5 or 10 years had the same survival that patients with interval times longer than 5 or 10 years did (P = 0.312 and P = 0.994, respectively) (Figure 5).

In unadjusted Cox models, patients with a history of prior cancer had a poorer OS [hazard ratio (HR) = 1.396, 95% confidence interval, 1.336–1.458] than patients with no prior cancer (Table 3). The same tendency was found in matched-1 Cox models.


Table 3. Cox regression analysis of the impact of prior cancer history on patients with larynx cancer.
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DISCUSSION

Randomized controlled trials (RCTs) are often considered to be the gold standard for evaluation of different interventions for oncology. The beneficial effects of some interventions are largely determined by factors such as patient characteristics (19). In fact, little is known about how much a history of prior cancer and its treatment impact cancer outcomes, partly because patients who have a prior cancer history are usually excluded from clinical trials and partly because of the potential interference of study outcomes (11). Murphy et al. described the prevalence of prior cancer among persons newly diagnosed with cancer (13). Zhou et al. found that OS among patients, with cancers such as colon and rectum, bone and soft tissue, breast cancers, and melanoma, who had a prior cancer history was inferior to the OS of patients without a prior cancer. Patients with cancer of the nasopharynx, esophagus, stomach, gallbladder, liver, and lung with a history of prior cancer showed similar OS to that of patients with no prior cancer (15). These authors further confirmed that prior cancer does not affect the outcome among patients with nasopharyngeal carcinoma (20). However, there are no data currently available to determine whether laryngeal cancer patients with prior cancer face a worse prognosis. Therefore, we evaluated the prevalence and the impact of a prior cancer diagnosis on the prognosis among patients with laryngeal cancer.

We observed that laryngeal cancer patients with prior cancer had poorer survival outcomes than those without prior cancer. Multivariate analysis showed that a history of prior cancer was an independent prognostic factor. To our knowledge, this is the first study to evaluate the characteristics and the impact of prior cancer on the prognosis among laryngeal cancer patients.

In our study, nearly one-fifth (18.65%) had a prior cancer, which is relatively high according to previously reported incidences of prior cancer of other tumor types (13, 14). Prostate cancer and lung and bronchus cancer were common prior cancers, accounting for 28.1 and 16.9% of all prior cancers, respectively. These cancer types are complex diseases and may share many risk factors, such as aging, smoking, and alcohol consumption. Indeed, alcohol consumption is one of the most important risk factors for human cancers (21, 22). Smoking is also an established risk factor for lung and bronchus cancer and laryngeal cancer (23); it may also elevate levels of circulating androsterone and testosterone, which may increase prostate cancer risk and contribute to cancer progression (24). HPV infection also contributes to the cancer of the larynx (25). The underlying molecular and biological characteristics may differ among laryngeal cancer patients with or without prior lung cancer or other types of cancers. Moreover, the 5-year OS rate of primary lung cancer is significantly worse than that of prostate cancer according to the results of the latest epidemiological research, which is 19 vs. 98%, respectively (26). A large part of laryngeal cancer patients with prior lung cancer may eventually die due to the recurrence and progression of lung cancer, while prior prostate cancer has little effect on the survival of patients with laryngeal cancer. These may lead to the different survival of laryngeal cancer only and laryngeal cancer patients with other prior cancers, which may partly explain the influence of different prior cancers on the prognosis of patients with laryngeal cancer.

Prior cancer was significantly associated with worse survival among laryngeal cancer patients compared to patients without prior cancer in both unadjusted and adjusted Kaplan–Meier analyses. A previous study also confirmed that a prior cancer history might impact OS in patients with prostate cancer (15). In this cohort, less treatment was associated with subsequent prostate cancer than primary prostate cancer (27). Ji et al. also found that overall survival rates of breast cancer were significantly lower in women with breast cancer as the second primary cancer than in those with breast cancer as the prior cancer (28). Several studies have mentioned that prior cancer shows a lack of adverse effects on survival outcomes in many other cancer types, such as nasopharyngeal carcinoma, esophageal cancer, gastrointestinal tract, lung, glioblastoma, and pancreatic cancers (14, 15, 29–34). In addition, over 70% of prior cancers occurred within 5 years of the index laryngeal cancer in our study. The median interval between prior cancer and the index laryngeal cancer was 32 months. The subgroup analysis found that laryngeal cancer patients with prior cancer had inferior survival compared with patients without a prior cancer history, regardless of the interval time of the prior cancer. Moreover, among patients with different types of prior cancer, those with prior lung and bronchus cancer had the worst OS. Therefore, laryngeal cancer patients with a prior cancer history should be carefully considered for enrollment of clinical trials.

There are, however, some limitations to the present study. First, selection bias is inevitable in a retrospective study. Although we performed a matched 1:1 case control method to minimize such bias, residual confounding factors could not be entirely ruled out because of hidden biases. Second, we could not obtain detailed data on treatment-related factors of prior cancer and comorbidities from the SEER database.

In conclusion, prior cancer has an adverse effect on clinical outcomes among patients with laryngeal cancer, regardless of the interval time of the prior cancer. These results suggest that individualized treatment should be seriously considered in laryngeal cancer patients with a history of prior cancer, regardless of the interval time of the prior cancer. Further studies with more data are warranted to confirm our findings.
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